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[0016] Figs. 1 Oa ^10e are fragmentary "cfoss-sectiorial 
illustrations of the apparatus of Figs. 9a-9e after the int- 
tiatibri of 'the Tadial: expansion "and plastic deformation of 
the aluminum sleeve 1 within the shoe. 
[0017] Fig 11a -1 1b is a fragmentary cross sectional 
illustration of an exemplary embodiment of an apparatus 
for radially expanding and plastically deforming a tubular 
member that includes an adjustably expandable expan 
sion cone assembly. 

[0018] Rg. 12 is a fragmentary cross-sectional illustra- 
tion of an upper cone pprtipn.rof the apparatusfor radially 
expanding ;and ;plastically. deforming a tubular member 
of Figs. 11a - 11b. 

[001 9] Fig; 1 3 is a fragmentary cross-sectional illustrar . 
tion of a lower cone portion of the apparatus for radially 
expanding and plastically deforming a tubular member 
of Figs. 11 a-1 1b: 

[0020] Fig. 1 4 is a fragmentary cross-sectional illustra- 
tion of ah overlapping portion of the apparatus for radially 
expanding and plastically deforming a tubular member 
of Figs, 1a - 1 i b, 1 2 and 1 a 

[0021] Fig. 15 is a fragmentary cross-sectional and 
perspective illustrations of the upper cam; assembly: of; 
the apparatus for radially expanding and plastically de- 
forming a tubular member of Figs 11a - 11b. 
[0022] Fig; 1 6 is a fragmentary cross-sectional and 
perspective, illustrations of the lower cam.:assembly of? 
the;apparatus for racUaffy- expanding; and. plastically de^. 
forming a tubular member of Figs 11a -1 lb 
[0023] Fig. 17a -17b is a.fragmentary cross-sectional 
illustration of an exemplary embodiment of an apparatus 
for radially expanding and plastically deforming a tubular 
member that includes an adjustably expandable expan- 
sion cone assembly of Figs 11a - l ib activated for ce^ 
menting. 

[0024] Rg 18a -18b is a fragmentary cross-sectional 
illustration of an exemplary embodiment of an_apparatus 
for radially expanding and plasticalty deforming a tubular 
member that includes an adjustably expandable, expan- 
sion cone assembly of Figs. 11a - 1 1b activated for ad- 
justing the expansion diameter; 
[0025] Fig. 19 is a fragmentary crbssrsectiohal illustra- 
tion of an overlapping portion of the apparatus for radially 
expanding and plastically deforming a tubular member 
adjusted to an intermediate expansion diameter. 
[0026] Rg; 20a -20b are fragmentary cross sectional 
illustrations of the apparatus of Figs 1 06- tOe after the-^ 
completion of the radial expansion and plastic deforma- 
tiorv of the Aluminum Sleeve within me shoe: 
[0027] Rgs 21 a" 2 1 b are fragmentary cross-sectional 
illustrations of the apparatus of Figs 20a -20b after dis- 
placing the sliding sleeve valve within the shoe to permit 
circulation around the* biaJlor darti, 
[0d?8] Rgs. 22 a -22b are fragmentary cross sectional 
illustrations of the apparatus of Figs, 21a -2 during the 
injection of cement into the annulus between the radially 
expanding tubular member and the" wellbore using the 
bypass circulation provided by the: displaced sliding 



49 824 B1 4 \ 

sJeeve "valve within 'the' shoe: .} 

Detailed Description of the Illustrative Embodiments 

5 [0029] Rgs 1 6 illustrate several illustrative embodi- 
ments of a device and methotifor forming a mono diam 
eter well bore casing, using an expansion assembly in- 
cluding two. cone diameters, one :of which is large r than 
the; other for "forrning a. bell ;(sometimes called a . skirt) 

io section for overlapping expandable tubular members so 
that the effort required for the expansion assembly to 
expanded two overlapping tubular rhembers. is redu 
The other cone diameter is sized for expanding the tu- 
bular members to the desired diameter along the length 

is. of the tubula r member thereby resulting in a mono dianv . 
eter well bore casing. Thetwbdiiarhetersmay be provided 
with a conventional adjustable |size ^ expahsidn cc^r^v- 
ing.two- expansion diameters,; OTelargerthan the r pther. 
The larger diameter is adjusted to a smaller diameter 

2° after a bell section of an expandable tubular member; is 
f prmed and then the 

member is expanded to a the desired internal diameter 
for the mono diameter weil bpre casing, ^nventiphat 
adjustably expandable cones can be used according to 

25 the invention. In several afterhative embodiments, the 
invention is implemented as described in Figs. 7a -7e; 
8a-8e f 9a 9e, 10a *10e; 11a -1.1b and 17a- 17b, 18a- 
1 8b and 19a 19b with an exemplary adjustably expand- 
able cone assembly as described in greater detail herein 

3Q with reference to Figs 11a 1 lb, 12, 13 14, 15 and 16. 
In other alternative embodiments the adjustably expand- 
able cones of the invention may be implemented or using 
the methods and/or apparatus disclosed one or more of 
the following (1) US" patent application serial no. 

35 09/454, ^39, attorney docket r?p; 25791 :03,02, filed.pn 
12/3/1999, (2) U;S. patenti application serial no: 
09/510.913, attorney docket no 25791 7 02, filed oh 
2/23/2000, (3) U.S. patent! application serial: ho: 
: 09/502,350, attorney dpcketho> 25791.8:02, filed !ori 

4 ? 2/10/2000, (4) U:S. patent no. $,328; 1 1 3, (5) U.S. patent 
applicatidri serial ho. ;09/523 t 460. attorney- docket no. 
25791.1 1*02* filed on^/10/200p, : (6) U.S:patent applica- 
tion serial no. 09/512395; attorney docket no. 
2579t.12:02 T filed on 2/24/2000, (7);U.S.^ateniapica: 

45 tion senal no 09/511 ,941, attorney docket no 
25791 .1 6.02, filed On 2/24/2000, (8) U S patent applica- 
tion serial no 09/588,946; attorney docket no 
25791 17 02, filed on 6/7/2000, (9) U S, patent applica- 
tion serial no. 09/559,122, attorney docket no 

so 25791 2Z 02, filed on 4/26/20db : ( 1 0) PCT patent appli- 
cation senal no. PCT/US00/1 8635, attorney docket no 
25791 25.02, filed on 7/9/2000^(1 1 ) U S. provisional pat- 
ent application serial no. 66/16^,671 ^attorney docket no: 
25791 .27, filed on 1 1/1/1 999, (12) U. S.provisibnal patent 

55 application serial ho. 60/1 54,047, attorney docket no. 
25791 .29, filed on 9/1 6/1 999. ( (3) U S; provisional patent 
application serial no. 60/159,682, attorney" docket no. 
; 25791 .34, filed on 1 0/12/1 999, j(i 4) US: ^rovisibriai pat- 
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.section T8b; along \th&rpy0cl^~RiHgtefig^'^&. and at the 
belKportipn: 22b.. The, inside diameter or the bell portiori 
22 and the outside diameter of the mono diameter portion 
28 are the same to provide a tight frttmg junction between 
the nested sections 1 8a ; b. c arid etc. For example, where 
the expandable tubular member 14 has a wall thickness 
of about 0 35 inches and for "the desired inside diameter 
of the mono diameter welfbdre casing is about 10 3 Inch- 
es, after expansion; the inside diameter of the bell portion 
might be about 110 inches, or slightly less to providea 
tight fit between the overlapping rportions of the casing 
sections 18a, b, c.andjeta 

[0033] Th e large diameter cone 20 can be positioned 
above, below or effectively at:the; same position as the: 
small diameter cone 24 without departing' from certain 
aspects of the invention. Also, it will be > understood by! 
those ^of ordinary skill in the a rt; and based upon this 
disclosure, that the large diameter corf espondi ng to the 
inside diameter of the bell portion can be" provided by a! 
first collapsible or adjustable cone 22, that provides the 
desired bell portion diameter and that can be collapsed 
to a smaller diameter, together- with a second- cone 24 
that provides the diameter forformtng the mono diameter 
well bore casing. It will also be understood that m an 
alternative embodiment the expansion to the mono-di- 
ameter can be provided by adjusting the diameterof cone 
?2: to effectively become . the smaller diajneter "cone 24 : 
haying a ; diameter .corresponding -to the desired "mono 
diameter; jt will further be understood that in another al- 
ternative embodiment the cone 24; is a distinct cone 24 : 
either fixed at the desired mono diameter size or expand- 
able to -the desired mono diameter 6ize. 
[0034] Fig. 4 shows a schematic mono diameter casing 
forming apparatus 1 0, further depicting one arrangement 
of a mechanism for activating the expansion cone as- 
sembly 16 to expand the tubular member 14 The. appa- 
ratus 10 is shown in a configuration for running into a 
welibore 12 A drill pipe 30 supports the apparatus 10. 
as it is;mnhirig 'down into the weljbpre 1 2i with a connect- 
ed float shoe 32 The drill pipe 30 may be a conventional 
dnll pipe or other conventional down hole tubular support 
member The float shoe may be a conventional float shoe 
or other tool guiding structure that serves the describe 
purpose attached to the dnll pipe or other tubular support 
member. The float shoe 32 thus supports 1 the^new ex- 
pandable tubularrmember 14 that is to be added to and 
expanded for engagement with the lowerendbf the mono 
diameter weflbore casing 18 that has been previously 
formed An gripping tool 34 sometimes called an anchor 
that may be a device as shown or a conventional gnpping 
tool or anchor, is provided to hold the expandable tubular 
member 14 fixed relative to one end of a hydraulic actu- 
ator 36^ sometimes called a force multiplier mechanism 
that may be a device as shown or a conventional actuator 
or force multiplier The hydraulic actuator 36 is configured 
and actiiatabte.for moving the expansion cone assembly 
1 6 relative to the expandable member 1 4, either in ten- 
sion using sub 36a.or in compression using sub 36b. 



[0035] Fig..5schematically.-sh6ws ; ab : embodiment-6f 
the mono diameter casing forming.apparatus 10 : with the 
gripping mechanism 34 engaging the tubular member 
14 with the tubular member 14 lifted off the bottom of 
5 -the well bore 1 2 and with the expansion cone 1 6 pushed 
by actuate* 36 ihto the open welibore 12. A conventional 
dart 53 or ball, is droppedjto seal the floatshoe 32. or 
another.conventional shut off device such as a mechan- 
ical valve or a velocity valve is used and activated, so 

10 that fluid 38 forced through the dnll pipe 22 increases 
pressure to activate the gripping toot.i26. When thednli 
pipe:22 is set down at the bpttom of the hole, the.tehston 
sub 36a otthe actuator mechanism 36 is actuated. Prest 
sure is increased in the drill :pipe: 30 and the gripping 

is mechanism 34 is" engaged to anchor the tubular member 
14! Compression sub 36b is activated t6 lift thetubular 
liner 14 off the bottom of the welibore and to push the 
cone assembly 1 6 into ' the pp6h hole of welibore 1 2. 
[0036] -Figj. 6 shows the: expansion cone assembly 16 

20 expanded for radially expanding and plastically deform- 
ing the expandable tubular member 14 The expansion 
of the expansion cone assembly is activated in aicon- 
yenjlioriai .manner- as with a dart 42 that is ;passed with 
-the fluid 38 down through the drill pipe 30 to thereby cause 

25 appropriate port alignment and/or appropriate valve ac- 
tivation for the expansion coneiassembly 16; An optional 
sacrificial protective sleeve:40 that protects the expan- 
sion cone assembly 1 6 while itis running into the welibore 
breaks off when the expansion cone assembly is expand- 

30 '. ed. The protective sleeve 40 rhayjbe formed of a plastic 
or composite material so-thai the sacrificial protective 
sleeve easily breaks off and does not interfere with the 
expansion of the tubula r member 1 4 
[0037] In an. exemplary embodiment, as illustrated in 

3 s ff igs. 7a -7e r -:an. apparatus 1 0 for forming a mono diam- 
eter welibore casing 18 is positioned within a welibore 
12: The; apparatus 10 includes,, arriong omer;things,ari 
expandable tubular member 14 and an adjustable ex 
pareionpone assern^ 

*o paratuS: 10 within the welibore 12, the expandable tubular 
member 1 4 may: besupported by the gripltbol 34 and/or 
the expansion cone asstembly16 ahd/orthe Afloat shoe 32; 
[0038] In an exemplary embodiment, as illustrated in 
Figs; 8a - 8e, the apparatus 10 is then positioned into 
contact with the bottom 44 of the welibore 1 2. As a result, 
a shear pin 46 is sheared and a dog locking sleeve 48 ks 
dnven upwardly thereby displacing a plurality of dogs 50 
gtitwardly in the radial direction In a conventional manner.. 
[0039] In an exemplary embodiment, as illustrated in 

so Figs. 9a - 9e, a ball 52 or conventional dart may then be 
placed within the ball or dart-se^t 64 of the apparatus by 
injecting fliiidic material. .38 into the apparatus 1 6/ Asa- 
result, the flow of flUidic material 38 ^ through the float shoe 
32 is blocked. The r expansioh done assembly is also ac- 

55 tuated in a conventional rhariner 7 "f f of exa rriple with the" 
pressure caused by the ball 52idr a dart 42 (as shown in 
Fig. 6 above), to expand to the la'rge diameter "for ex- 
panding the bell. Pressure builds arid the actuator 36 is 
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surface 90cba and an arcuate conical outer surface 
90bbb arid an outer portion 90cc extending from the m- 
termediate portion 90cc.that has arcuate cylindrical inner 
90cca and outer surfaces 90ccb 
[0048] A lower ca m : assembly >92 includes a tubu iar 
base 92a for receiving and mating with the lower mandrel 
86:that includes an external flange 92aa, a plurality of 
circurnferehtially spaced apart: meshing teeth 92b that 
extend from one end of the tubular base in the longitudinal 
and radial directions, and: a plurality of circumferentialiy 
spaced apart cam arms 92c that extend from the other 
end of the tubular baseiih the opposite lohgitudinal direcT 
tibri and mate with and receive the lower mandrel 86. 
Each of the cam arms 92c include an inner portion 92ca 
extending from the tubular base^^ 
cylindrical inner 92caa and outer 92cab surfaces, a ta- 
pered intermediate portion 92cb extending from the inner 
portion 92ca that has an arcuate cylindrical inner surface 
92cba and an arcuate conical outer surface 92cbb, and 
an outer portion 92cc extending from the intermediate 
portion 92cb that has arcuate cylindrical inner ;92cca and 
outer: 92ccb surfaces; 

[0049] in an exemplary embodiment, the upper and 
tower cam assemblies, 90 and 92 , are substantially iden- 
tical. In an exemplary embodiment, the cam arms 90c of 
the upper cam assembly 90 interleave the-cam arms 92c 
of the lower cam assembly 92. Furthermore, in an exerri- 
ptary embodiment the cam arms 90c of the upper cam 
assembly also overlap with the cam arms 92c of the lower 
cam assembly 92 in the longitudinal direction thereby 
permitting torque toads to be transmitted between the 
. upper and: tower cam assemblies^ 
[0050] A plurality of upper expansion cone segments 
96 are interleaved among the cam arms 90c^of the upper 
cam assembly 90. Each of the upper ^expansion cone 
segments 96 include inner portions 96a haying arcuate 
cylindrical inner surfaces 96aa, and an arcuate cylindrical 
buter surface 96ab, intermediate portions 96b extending . 
from the interior portions that have ah aitu ate conical: 
inner" surface 96ba and arcuate cylindrical arid spherical 
outer surfaces, 96bb t and outer portions 96c; having ar- 
cuate cylindrical inner arid outer surfaces- 96ca 1 arid 
96cb In an exemplary embodiment the outer surfaces 1 
96ab of the inner portions 96a of the upper expansion 
cone segments 96 define hinge grooves 96d that receive 
and are pivotally mounted upon the internal -flange 94d 
of the upper retaining sleeve 94 
[0051 ] the arcuate inner cylindrical surfaces of the-in- 
ner portion 96a mate with and receive the lower mandrel 
86 the arcuate inner cylindrical surfaces of the inner por- 
tion 96a also mate with and recerve . the arcuate c^indrical 
outer surfaces of -the outer portions" 92cc of the corre- 
sponding cam arms 92c:of the lower cam assembly 92, 
and the arcuate inner coriical surfaces 96ba of the "inner: 
portion 96a mate with arid receive, the; arcuate. conical, 
outer surfaces of the intermediate' portions 92cb of the: 
corresponding cam arms 92c of the lower cam i assembly 

92.- 



[0052] A plurality of lower expansion cone segments 
98 are interleaved among, and overlap, the upper expan- 
sion cone segments 96 and the cam arms 90c :6f the. 
lower cam assemblyJM In this: manner, torque loads 

5 may be transmitted between the uppe r and lower expan- 
sion cone segments, 96 and 98; Each of the lower ex 
pansion cone segments 98 include inner portions 98a 
having; arcuate; cylindrical. inne>su^ 
arcuate cylind neat outer su rface 98ab, intermediate por- 

io tions 98b extending from the interior portions thai: have 
anarcuate conical inner surface 98ba and arcuate cyfin- 
drical and spherical outer surfaces; :^98bb, and outer por- 
tions 98c having arcuate cylindrical inner and outer su r- 
faces, 98ca arid 98cb. In an exemplary embodiment; the 

15 outer su rf aces 98ab of the inner; portions 98aof the upper 
expansion corie segments 98 define, hinge grooves 
98aba that receive and are pivotally mounted upon the 
internal flange TOOd of a lower retaining: sleeve 100. 
[0053] Trie arcuate inner cylindrical surfaces 98aa 

20 mate with and receive the lower mandrel 86, the arcuate 
inner cylindrical surfaces 98aa also mate with and re- 
, ceiye the arcuate cylindrical pliter surfaces of the outer 
portions 90cc;of the corresponding cam 
upper cam assembly 90, and the arcuate inner conical 

25 surfaces 98ba mate With and receive the arcuate conical 
outer surfaces of the intermediate portions 90cb of the 
corresponding cam arms 90c df the lower cam assembly 
90. 

[0054] In an exerriplary embodiment, the geometries 

30 of the upper and lower expansion cone segments 96 and 
98 are substantially identical In an exemplary erribodir 
merit, the upper expansion cone segments 96 are ta- 
pered in the longitudinal direction from the ends of the 
intermediate portions 96b to the ends of the outer portions 

35 96c, and fae lower expa^ 

pered in the longitudinal direction from the ends of the 
intermediate portions 98bto theends of the outer portions 
98c. Jn an exemplary embexjirnent; when.the upper and 
lower expansion segments, 96 and 98, are positioned in 

40 a fully expanded position, the arcuate cylmdncal outer 
surfaces 96ab of the upper afid lower exparisiori cone 
segments 96 define a contigudus cylindrical surface, the 
arcuate spherical outer surfaces of thelipper and lower 
expansion cone segments, 96bb and 98bb; define a corn 

45 tiguous arcuate spherical su rface,- and the arcuate cylin- 
dncal outer surfaces of the upper and lower expansion 
cone segments define a contiguous cylmdncal surface 
[0055] An end of a lower retaining sleeve 1 00 defines 
a passage 100a for receiving and mating with the outer 

so circumferential -surfaces of the ^external flange 92aa and 
the meshing teeth 92b of the lower- cam assembly 92 
and an inner annular recess IdOb, and includes an inter- 
nal flange 100c for retaining the.extemai flange of the 
lower earn assembly, arid ari internal flange 100d at one: 

55 erid of the lower retaining sleeve that includes a rounded 
interior end face foVrnatirig With corresponding" hinge 
grooves of the lower expansion cbrie seo^ 
by pivotally coupling the lower ^ expansion cone segrrients 
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jaddn leqjjq *qq86 pirc qq96'saqepns jBjLuajxajBpuaqds. 
ejenoJB aqj uaaMjaq apBuajui sqj ssaopjd uoisuBdxa 
|B!pBJLaqv|6uunp: ' juawippquja AiBidwaxa ue;uj [P9QQ] 

sdnp ja>pBd Bqj.AqpBjBaib sa- gg 
-pjpj iBjXB aqi;Aq jaquiaiu JBinqni aiqepuedxa aqj qBriojqj; 
AjpjBMdn pajind aje '$6 pub 96 sjuawBas auoo uotsuBd 
-xa JdMpj piiB jaddn aqj'iH jaqiuaiu JBjnqnj ajqapuadxa 
aqj.p aoBjjns jouajui am jsu!b6b jBas jqBij pinjj.B api/v 
-0Jd 9£ dno ja>pBd jsddn aqj jo/pub 08 dno J3>pBd ja/v\o| 
aqj asnsoaq aioujjaqunj jaquuauj JBjnqnj aiqapuBdxa 
3qj jo aoBjjns jouajui aqj jsufB6B [?as oipmy >dn >pBq 
Ajapuooas b saptAOjd gz dnoja^pad jaddn aqj pus p\ 
jaqiuauj JBjnqnj ejqBpuBdxa aqi jo soBjjns JOuaiui am 
jsuibBb jbbs oipini) AjBUJud aqj sapiApjd 08 dnD ja^OBd ^ . 
jbmoi aqj 'jauuBuj siqj uj :gz dno. ja>pBd jaddn aqj Aq 
a6B^Ba| jaqjjnj jsuib6b pajsas puB pajnjdBo si 08 dno 
Ja>|OBd J3M0| aqjjssd 88 (BuajBuj oipinji pazuhs^jd-eqi 
jp 36b>|B3j Aub juaujjpdquja. AjBiduiaxa ub u| [C900] 

'Vi: OP 

jaqujaui JBinqnj ejqBpuBdxa atfl io ubjjBujjojsp" oijsBjd 

puB.uoisuBtftejBipBXa^^^ 

PUBP^aBBssB&aqjuiu.^ 

aqv lo ajnssaid 6uuBJado aqj ssuas Hi sosip'jsjnq aqj 
'snqx papuBdxa AnBjpBj dub pauuojap A||BOtjSBjd si p\ & . 
jaqijuaui jBinqnj ajqBpuBdxa aqj 'jjnsaj b sy PI Jaqwauj 
JBjnqnj ajqapuBdxe aqjpuB §i t aoqs jBOjj aqj qjaAijB|3J 
AipjBMdn 86 P.ub 96 'sjuauiBas auoo uoisuBdxa jbmoi 
puB jaddn aqj BupBjdsip Aqajaqj '08 dno ja>pBd J3M0| 
aqj MOjaq p\ JaqujBuj JBjnqnj aiqapuEdxa aqj.jo. jpuaj tie 
-ui aqj.sazunsssjdAqsjsqj 88 ibubjbuj oipinu aqj jo uoij 
-oafui panuijuoo aqx 201 JojdapB aoqs jboij aqj p P20 I 
sa6BSSBd |BipBJ ato uiq jim pauoijjsbd pi\ sosip jsjnq aqj 
uado sjsjnq 0201 a6BssBd aqj uiqjiM ajnssaid 6u!jbjb 
-do pasBaJoui aqj jjnsaJ esy 020 L-pue *o98 'ew. ^ 9Z 
1 b^9 saSBssBd aqj qBnojqjo i snjBJBdda aqj ojui 88 |Buaj 
-buj OjpjnjjB 6uij03fui Aqgu soqs jBOjjaqjjoqgii aBss 
-SBd ajqaaAjBA aqj 6uppojq pus uiqjiM pauoijisodaq uaqj 
si 9S |jBq b qz 1 pubbzj, s6y ui paiBjjsnni sy fegoo] 

Z i aioqaioq aqj puB p t jaq 0 e 
luauj JB|nqru ajqBpuBdxa aqj uaaMjaq sninuuB aqvuiq;tM 
paujjqj aq Abuj jaABj BuijBas jB|nuuB ub 'jauuBUj.siqj 
Ml JBuajBUJ 6ui|Bas oiptnij aiqBuapjBq b si poi jeuajBiu 
°!P! n U aqi luaujipoquja AjBjdiuaxa ub uj -Zi ajoqajoq aqj 
PMB 1? 1 jaqoiauj JBjnqnj ajqBpuBdxa aqj uaa/wjaq snjnuuB 
sqi Oiui qg n pub 'B9 \ t *P20 1 *098 ^99 'b*9 ssBbs 
' s pd au^ c q6nojq)'oi snjBJBddB. aqj ojui paibafuj uaqi si 
8e:^ue)BUj o|pin|j-V ■ |Biuozuoq.oMBOipaA ujoj/ 4 a]dujBxa 
jo\ 'uopisod Aub ui pajuauo aq Abuj z i aidqajdq aqj; *9 t 
6ujSBoajo<#iaM6^^^ l0l . 
uBauBjjajqns BsasJaABijiBqigt ^ajoqajoqB ^ajtfujBxajoj 
4 sb qons ej n pru js 6u i)s;xaaj d b uiqjjM pauoiiisbd AfjBijjBd 
ISBaUB.si 01 sniBJBddB aqj 'ubijBjadb 6uuhQ U900] 

:86pu?96 

*sfuauj6as auoo udisuBdxa jeMoj pus jaddn aqj jo *qq86 9 
dub qq96 'saoBjjns {Bwajxa (Bouaqds ajBnouB aqj, Aq 
papoddns pus oj pajdnoo AiqBAOUj st pub gi\ spqs jbou 
aqj jo pua ub saAiapaj pus oj pajdnpo si 'got .jqjctepB 
aoqs jbojj aqj pub: *86 sjuauj8as eupo.uoisuBdxa;jaMO| 



^qj '96;sjuauj6asrau6o uoisuBdxa iaddh aqj ?98 lajpuBUj; 
jaMOj aqj J 08 dno ja^pBd jaMojaqj *9z dno ja^bBd jackln 
aqj } oi JBjjoo lajpuBUJ jaddn aqj '99 jbhoo Aja^BS aqj t9 
jaqujauj poddns JBjnqnj aqj spunpjjns jBqj p\ jaquiauj 
JBjnqnj atqBpuBdxa ub jo pua uy 9ii aoqs jBpy aqjpuB 
20 1 JOjdBpB aoqs jbojj aqj uaaMjaq pajjiujsuBJj aq Abuj 
spBOHBuojSJbj jauuBUj siqj u| qg u a6assBd aiqBaAjBA b 
pus Bgu a5BSSBd:B saujjap JBqj zoi JOjdBpB aoqs jBoy 
Qqj \ojzo t 6u!|dnoo ibuoisjoj aqj oj paidnoo AiqBSBajaj 
si pus qpM sajBUi 9 Li .aoqs jboij b jp pua uy [090dl 

201 JpJo^pB aoqs jBp|| aqj jp pzo li sa6assBd |B|pbj aqj 
uiqjjM paupijispd pub pj pajdnop AiqBSBajaj ojb ^ 11 sosip 
isjng on s6pp 6u&i09i aqj puB;26-Aiq^9SSB ujBO'jaddn 
aqj jo B26 asBq JBjnqnj aqj jo spua; 6uisoddd aqj uaa/vu 
tK) JiaA98|s 6uiU|Bjaj aqj jo pua; ub uiqjjM pauoijjsbd. 
si dub 98 jajpuBUj J3M0| aqj saAiaqaj zii LUiqs juaujjsnf 

pa padBqs;osip b pub 98 jajpuBUj J3m6{ aqj oj pajdnoo 
AjqBSBaiaj 3jb puB ewaoaj JBqj pq\ aAaajs Bu^urBjaj aqj 
jo pua ub uiqjiM pauoaisod ojb on s6op Bur^ooi pq\ 
3A8d(s 6uiutBjaj aqj OJ90J inu dojsaqj ajdnoo AiqESBajaj 
801 suid jBaqs puB poi aAaajs 6uiuiBjaj aqj jo Btpi 
a6sssBd aqj uiqjiM 98 lajpuBUJ JaMQi aqj jo pua aqj oj pa(d 
-nop AjqBpBajqj si pus saAiaoaj got jnu dojsy [esoo] 

ZOi JOjdtepB aoqs jaoy 
aqj jo 0201 afeBSSBd aqj qjiM sejBUi puB uiqjiM paAiao 
-ajsi 'jajaujBip apisjno papnpaJ B„BuiABq 'aAaais-SuiuiBj 

aj aqj |o pua jaqjouB puB ptOl ^6uBy b sapripui pua 
*opQ 1 JBas : a„A|BA j|Bq: b 6u!pnpui q^o i aBBSSBd jBOjqj 
s '98 lajpuBUJ J3M0| aqj jo pua ub 6uiAiabaj jo|. e>oi 
a6BSSBd b sauyap jaqj zo I JbjdBpB-aoqs jBojj aqj jo q^o t 
36BSSBd aqj qjtM ssjbuj pus uiqjiM paAiaoaj srpuB Z6 
AjqujassB ujbo ja/woj aqj jo b£6 aseq JBjnqnj aqj jo dOBj 
pua aqj sjnqs t^Qi a^aajS fiuiurBjaj b jo pua uy [8S00] 

JOjdBpB aoqs jboij aqj p ezoi qjaaj 6uiqsauj aqj uiojj 
pUB oj-spBOj anboj jiujsubjj Z6 AjqiuassB ujbo jaMOj aqj 
jo q^6 MJ9QJ Suiqsauj aqj 'uoijBjado 6uunQ bj^oj. sjaq 
rujauj Buijdnoo jsuoisjoj jo AjijBjnjd b sapnpui JBqj pua 
jsqjo 3qj jb |20t 6ui|dnoo jbuoisjoj b pua BZOX a6uBjj 
^ ® sa p npu 1 p ub ' pua j a q jo aq j jb>- pgo t -SaBBssBd 
jBipBJ jp AjijBjnjd b 'puajaqjouB jb jajaiuBip apisui paonp 
-3j B:6uiABq ,020 V . 36BssBd. b '98 ; jajpuBUj jaMOj aqj jo 
pua ub J5u jAiapaj joj pua ;auo; jb qzoX aBBSSBd b sauijap 
JBqj 001 aAaajs 6uiuiBj3J jajwoj aqj^p pua ub pj pajdnoo 
AjqBpBajqj dub uiqjiM paAiaoaj si ZS AjqiuassB ujbo jbaaoi 
^aqj jo q26 m^QJ fiijiqsauj sqj 6ui6b6u3 JOj r B20L qjaaj 
6uiqs3uj jjBdB paoBds AjjBiju3J3^Uinojio jo AiljBjnjd b 
sapnpui JBqj 201 JOjteps aoqs jbojj b jg pua uy [zsoo] 
'001 aAaais BuiuiBjaj j3mo| 
sqj jo" aoBjjns J3jno aqj qjjM pauBjjB sjb sjuaiubas auoo 
uolsuTedxa J3moj aq" j jo'saoBuns jajno (BOupui|Xo ajBnojB 
au^ pus 96 SJU3UJ63S auoo uo;suBdxa jaddn aqj jo saoBj 
Oris jajno |BOijpu|jApajBnojB aqj 'jusujtppquja ^BiduJ^x^ 
: ub u j pe 3Aaajs 6ujuiBj3J Jsddn aqj jp aoBunsyJ3jno aqj 
qjiM paq6i|B bjb 86 sjuaujfias auoo upjsuBdxa JdMOj aqj 
jp sapBuns jajnp-jBoijpuijAo ajBnoJB. aqj pua ^5 sjuauj 
-6as auop.uojSUBdxa jaddn aqj jo r saoBjjns jajno jBOupuij 
*Ao ajanoJB 3qj ^juaujipoquja AjB|dujaxa :ue u\ [gsoo] 
•aAaajs Buiuiajaj iaMOj aqj oj 
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and lower expansion cone segments, 96 and 98, and the 
interior surface of the expandable tubular member 14 is 
not fluid tight As a result, the fluidic matenal 38 may 
provide lubncation-to the entire' extent of the interface 
between the cylindrical external" surfaces, 96bba and 
98cb7and the a rcuate spherical external surfaces 96bb 
arid 98bb v of the upper and lower expansion cone Seg- 
ments, 96 and 98 and the interior surface of the expand- 
able tubular member 14 Moreover, expenmental test re- 
sults have indicated the unexpected result .that the re- 
quired: pperating; pressure^ 

radial expansion of the expandable tubular member 14 
is less when the interface between the cyliridricalexte 
surfaces, 96bba and 98cb,r and: the arcuate spherical 
externa! surfaces, 96bb and 98bb; oftheupperahd lower 
expansion cone; segments : 96 arid 98 } and the interior 
surface of the expandable tubular member 14 is not fluid 
tight: Furthermore,, experimental test results have also 
demonstrated that the arcuate spherical external Surface 
provided by the arcuate sphenca! extemalsurfaces s 96bb 
and 98bb, of the upper and lower expansion cone seg- 
ments 96 and 98, provides radial expansion and plastic 
deformation of the expandableiubular member 14 using 
lower operating pressures versus an expansion cone 
having a conical outer surface. 
[0065] l n an exemplary .embodiment} as illustrated , in 
Figs. :l8a',/ 18b and 19,-the upper and lower" expansion 
cone segments, 96 and 98, may -then be- adjusted to a 
desired expansion diameter by placing a ball 57 within 
the ball valve seat 104c of the throat passage 104b of 
the retaining sleeve 104. The continued injection of the 
fluidic material 38, after the placement of the ball 57 within 
the bail valve seat 104c, creates a differential pressure 
across the ball 57 thereby applying a downward longitu- 
dinal force onto the retaining sleeve 104 thereby shearing 
the shear pins 108. As a result- the refining sleeve 104 
is displaced in the downward longitudinal direction rela- 
tive to the float shoe adaptor 102 thereby permitting the 
locking dogs 1 1 0jto be displaced outwardly irvthe radial 
direction. The: outward radial displacement of the locking 
dogs 110 disengages the locking dogs from'engagement 
with the" lower mandrel 86; Thus, the shear pins 108 
sense the operating; jpressure . of the injected fluidic ma- 
terial 38 within the throat passage 104b and thereby, con- 
trolling the initiation-of the-collapsing of the upper and 
lower expansion conersegments, 96 and 98 to a smaller 
diameter. 

[0066] The continued injection of the fluidic -material 
38 continues to -displace the retaining sleeve i 04 in the 
downward longitudinal direction relative to the float shoe 
adaptor 102 until the external flange 104d of the retaining 
sleeve 104 impacts, and applies a downward longitudinal 
forceto, the internal flange 1 02e of the float shoe adaptor. 
As a result, the float shoe adaptor 102 is ..then also dis- 
placed in the downward: longitudinal direction; relatfve "to 
the lower mandrel; 86: The downward longitudinal dis- 
placement of the float shoe" adaptor .1 02 relative to the 
lower mandrel .86 causes the, lower cam assembly 92i 



the. lower expansion cone segments 98 and the lower 
retaining sleeve TOO, which are ngidly attached to the 
float shoe adaptor to also be ^displaced downwardly in 
the longitudinal direction relative, to the lower mandrel 
5 86 the upper cam assembly 90 and the upper expansion 
cone segments 96. The downward longitudinal displace- 
ment of the lower cam assembly 92 relative to the upper 
expansion cone segments 96 causes the upper expan- 
sion cone segments to slide.down the conical : external 
io surfaces 92cbb of the : lower cam assembly and thereby 
pivot inwardly in the -radial direction about the internal: 
flange 94d.of the upper retainiir^ isleeve 94. The down- 
ward: Ibhgitudihal dispiacemeht; of the lower expansion: 
'cone segments 98 relative to the upper cam assembly 
15 90 causes the lower expansion cone segments 98 to slide 
down the external conical surfaces 90cbb of the upper 
cam assembly and thereby pivot inwardly in the radial: 
direction about: the internal flartge 1 00d of the lower :re- 
tainmg sleeve As a result of the inward radial movement 
of the upper and lower expansion cone segments. 96 
and 98, the arcuate external sphencal surfaces. 96bb 
and 98bb : of the upper and lower expansion cone seg- 
ments, 96 and: 98, provide oute 
faces haying a smaller diameter. 
[0067] The downward longitudinal movement of the.re- 
taining sleeve 94 and float shbe adaptor 102 relative to 
the lower mandrel 86 is stopped when the stop nut 106 
irnpacts the locking do^ 1 10, At this 'pointy the apparatus 
10 may then be removed from the intenor of the expand- 
able tubular member X4. 

[0068] Thus, the apparatus 10 may be removed from 
the expandable tubular member^ 4 pnor_to the complete 
radial expansion and plastic deformation of the expand- 
able tubular member by contrdHably collapsing the upper 
and lower expansion cone segments; 96 and 98 As a 
result, the" apparatus 1 0 provides the; following benefits: 
(1 ) the apparatus is {removable when expansioh- prob- 
lems-are ericouhteredj "(2) tower expansion forces are 
required because the portion of the expandable tubular 
member 14 between me packer cups; 76 and 80, and 
the expansion cone segments is exposed to:the:expan-. 
sionfluid pressure;-^ 

be run down through the expandable tubular member, 
prior to' radial expansion, and then the e^alisipn:;cone: 
segments can be expanded ,(4); the expansion cone seg- 
ments can be expanded to one diameter for forming a- 
beil pbrtibn;: and (5) the expansion cone - segments:can 
be adjusted to a second diameter for expanding the re- 
mainder of the expandable tubular member 
[0069] Inianomer-exempla^ 
ed in Figs. 20a - 20b, upward movement of the apparatus 
1 0 causes the expansion cone for the sleeve 60 to corrh 
pletely radially expand the sleeve 62 d the float shoe 32: 
and a cementing, probe: 1 1 8Kis pulled downward until 
stopped from further movement by the cementing probe 
iMldng nng 119. As a result of the corr^lete rabiai ex-- 
pansion of the sleeve, the 'float!- shoe is now firmly cou- 
pled to the end of the radially expanded-tubular member. 
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-ima ub 6ujab4 auoo ajqBisnfpB jsjjj B.sapnjou) Afqtuas 
sb auoo upisuadxa aqj juawipoquja jaqjouB uj [ZQOO] 
;6uij5^paipqj|aM jajauiB!p,puoui 
aqj jo jajauiBip pajisap aqj oj feuipuodsajjbo jejaureip $ s - 
aqj oj ajqaisnlpa aoapns iBwajxa ub SuiABq auoo 9|qe 
-jsnjpB.puppas b pue jaquiaui JBfnqnj aiqBpuBdxa:aqj jo: 
: MP! JJpd j ja_q aq j jo j ajauj Bip 9 qj o j ajqa jsnfpB- aoBjj ns jbu ■ 
.-jajxa ub 6uiABq auoo ajqEjsnfpB jsjij s sapniqui Afqujas 
sb auoo uoisuBdxa aqj juaiuipoquja jaqjouB u| [18OO] off: 

•6ujsbo ajoqi jpM: ja^ujBip pupui; aqj 
jo J9j9UJBjp pansap aqj oj Suipuodsajjoo jajaujBip aqj 
oj 9|qBjsnfpB osjb si euoo ajqBjsnfpB auo aqj jo aoauns 
jBuJajxa aqj ujajaqM pub -jaqujaui JBjnqnj a{qBpuBdxa 
aqj jo uoiuod |jaq aqj jo jajaiuBip aqj oj ajqBjsnJpB bobj 
jns|BUJ9}X9 ub 6uiABq 9uoo 9|qBjsn[pB auo sopnpui A|q 
Huass? auoo uoisuadxa aqj juaujipoqiua auo uj [080<il 
•jaqLuauj jB|nqnj aiqapuBdxa aqj jo 
uoiuod J9)aaiBf p.ououj aqj jo jBjaiusip pajisap aqi pj pa. 
jsnfpa XiqiuassB auoo uoisuadxa aqj qji/yy aouBjsip jaqjo op 
^uBJpjjaquj^ 

-sb 9uoo:uoisuBdx9 aqj 6uiAoiu- joj pus uoiyofrjjaq aqj 
jp J9i9UJB|p :aqi.o| paisn!pB:A|quJ9 auoo ubjsuBdxo: 
aqi qjJM aouBjsip paJtsap b J9quJauj iBinqnv 9|qBpuBdxa : 
aqj q6nojqrauoo.9qv6uiAouj joj jojanjos ub pub 'jajaujB gt 

!P iaqjo 9qj oj J9j9uiBip auo aq; ujojj jsnfps oj jaqujauj 
JBjhqrij ajqBpuBdxa pqj SuijBnpB joj subouj *6uiSBp ajoq 
iJ9M jajauiBip ououi aqj 6uiujjoj joj 6uisbo jajawBtp ou 
-otu aqi jo j9)9UJB|p pa j tsap oqi oj Sujpuodsejjoo jgjeuiB 
-ip uoisuBdxa JaqjouB oj aigajsnfpB puB Jaqujauj JBjnq 66 

nj ajqBpuBdxa aqj ui uojuod }jaq papuadxa ub duhjjuoj 
joj 6ujSBO ajoqjjaM aqj jo uoiyod jjaq aqj jo jajaujBip 
pajisapaqj oj Suipuodsajjoo jajaujpip uoisuadxa auop; 
ajqBjsnfpB jaqwauj uoddns JBjnqnj jaddn aqj pj p.a|dnoq 
AjqujassB auoo uoisuBdxa UB ^aqujauj JB|hqn),ajqBpuBd & 
-xaaq; puB jaqujauj r uoddns JBjnqnj jaddn aqj uaaMjeq 
aoBuaju^uB 6unB9S joj jaqiuauj uoddns JBjnqnj jaddn 
aqj jo. aoBjjns jouajxe aqj oj pajdnoo sjbos dno ajoiu jo 
9uo 'aBBSSBd jsjij b Duiuijap jaqtuajuu uoddns JBjnqnj jad 
-dn ub sapnpui snjBJBdda aqi Suisbo aioqji9M jajauiBip oz 

OUOUJ B JO J9191UBIP P9J1S9P B OJ J9J9UJBIP apiSUI (BIJIUI 

ub ujojj jaqujauj jBjhqni ajqBpuBdxo ub 6uiujjojap A\\eo\\ 
SBjd dub 6uipuBdxa A|)B|pBJ joj sniBJBdds ub sjuaujipoq 
-Uia ^BJ9A9S aq) ui pasoiosip, U99q^ SBq gjgqi [6Z00] 

*9i XiqujassB ouoo $1 
uoisuBdxa aqj 4 qjiM uouBuiqujoo ui jo *jo pB9jsui pasn 
9qy Xbuj A6ojouqo9i jBqpjo ; ajpjuaAu^ : jp/puB- 'jadjaq 
f^lMPS '^3|AJ9S:-Afeau3 uopnqjiiBH 'saqSnn JOMBg 
'IBupiiBLupju 1 pjpjjpqjBPM . luojj ;a|qB|iBAB.: saojAap Uois 
:UBp^a;9jqBi|BAB_AjiBiojaujijjoo iBUoiiuaAUOO aq^: jb ajbuj ~oi 
jo isjLiov •sjuaujipoquja: aAjiBUjajiB |BjaAas uj. fezbo] 
•9 1 AiqujassB auoo uoisuBdxa aqj *qi|M 
uoHBuiqujoo ujjo 4 jo pBajsuj pasn Abuj 96w9p:uoisu.Bdxa 
BuiujJOjojpAq iBucMjuaAubo'B jo/pub ^abiApp uoisuBdxa 

^JBlidUJOD JBUOIIU8AUO0 B 90IA8P UOtSUBdxa AJBJOJ IBUOIJ g 
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r 6ujSB0 
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pus ;jaiaujBip uoiupd ||aq:pa_Jis9p-aqr p\ 6uipuodsajJob 
jpjaujBjp: b o) a [qeisnfpB si isq j a uoo ajqejsnfpB ub q jjm 
paoB|d9J aq Abuj sj9J9ujbip uoisuBdx9 ajqBjsnfpB omj 
6uiABq AjqujassB 9uoo ubisuBdxP 9|qBjsnfpB aiqspuBd 
-xa aqj siuauiipoquja aAasuioiiB |BJaAas u) [9100] 
•6uisbo JajauiBip ououi aqj jo J9iauxBip pBJisap oqj oj 6ui 
rpuodsojjoo J9j9UJBip b oj 9jqB|snfpB joqjo oqj pus jaja. 
-uiBipupiyod jjaq ppjjsgp aqv.ca 6UipuodsajJoo ja^aujBtp 
b oj 9|qBjsnfpB auo sauoo aiqBjsnfpB etBjBdas omj qjj/w 
paoBjdaj aq Abuj sj9J9ujbip uoisuBdxo oiqBjsnfpB • omj 
6u(ABq AjqujgssB auoo uoisuBdxa piqBjsnfpB ajqspuBd 
-xa-aqi '-sjuauiipoquja . BA|iBujai|B jBJpAas u| .feZOOl 
jaquiaui JBfnqnj aiqspuBdxa aqv qBnojqj AjpjBMdn 
auoo uoisuBdxa aqj s|{nd sjBps dno 9qj Mpjaq . ajnssajd 
ptnjj pqj -;u9Ujipoquj9 9aijbuj9J{b pqj u\ uauueuj siqj U| 
jaquiauj JBjnqnj aiqBpuBdxa aqj jo ooBuns jouaju} aqj 
pus adid jjiip aqi uabMjaq iBas jq6u pinjj B apmoid taqj 
auoo uo isuBdxa aq j OAoqB pappa aq Abuj sjbos dno m uos> 
-jaqino e sjuaujipbquja aAijBujaj|B ibjbabs ui [frZOp] 
sjaqujaw JBinqnj papuBdxb A||BipBJ jo AojjBjnjd b 
sapnpui |Bqj pauiioj aq Abuj Suisbo ajoq ||9m J9jaujBip 
ouoLUB jpuuBUj siq;u| jaqujauj JB|nqn^p9puBdxa jaiuBa 
aqj jo pua J9M0| 9qj qjiM 6uiddBjj9AO jaqujauj JBjnqnj 
jaqjo aqj jp pua jaddh aqj qj(M ajpqjiaM aqj uiqj|M paujjoj 
^ap AflBOjisBidlpuB; papuBdxa.Aj|BipBJ aq uaqi Abuj jaq 
-ujauj JBinqnj aiqapuadxa jaqjouB dub jno paijup aq Abui 
20 JBjioo jbou aqj /pajnp.SBq ;uaujao aq;. jajjv Itldol 
*9£ jpjBnjoB otinBjpAq aqj "Suisn : 
A|pjBMdn>g aupp upisuadxa aqj 6uipB|dsip AqjopuB^g 
aupp upjsuBdxa aqj MOjaq pi jsnjBJBddB aqj jo jojJajuf 
aqj Buizunssajd Aq papmojd aq Abuj #t Jaqujauj JB(nq 
-nj aiqBpuBdxa aqj p uoijauubjap oijsB|d pua uoisuadxa 
jbpbj panutjuoo aqj sjuaujtpbquja 3Aijbuj9J(b ]BjaAas 
u| ot snjBJBddB 9qj oiui 8€ [Buajauj otpinjj jo uotp9iui 
paujnsaj aqj Aq panuijuoo aq uaqj Abuj p\ jaqujauj JB|nq 
: fij aiqBpuBdxa aqj jo uotjBuuojap oijsBfd pua uoisuBdxa 
IBipaj aqx 551 aAjBA aAaajs 6uipf|soqj asop oj 9 ( -j. aqojd 
6uijuauj80 aqj 6uisnao Aqajaqj z\ ajoquaM aqj jo jno 
AipJBMdn pa||nd uaqj si oe adid 6ui{jup aqj sninuua aqj 
ojui juaujao aqj jp upijoafui aqj 6u{j9|dujpo j9jjy- IZIQO] 
'snjBJBddB aqj ojui spJB/yo|OBq 6u|MO|j ujojj . 
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jpfjoju! 9qj qBnojqj SMO(j juaujao aqi oi snjBJBdda aqj 
ojui pajbafuj aq uaqj "Abuj 'juaiuao^idujBxg joj sb upns 
8e IBuajBUJ 6u]fBas oipinij aKJBuapjBq B P22- ©22 s5ij 
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haisurfaeeladjustabletotfied 

of the" expandable tubular member and collapsible: after 
expanding the bell portion and a: second cone having a 
fixed diameter corresponding to the desired diameter of 
the mono diameter wellbore casing such that collapsing 
the first cone effectively adjusts the effective expansion 
diameter to the fixed : diameter of the second cone 
[0083] In another embodiment the expansion cone as 
sernbly includes an upper cam assembty,coupledto the 
upper tubular support member includes a tubular base 
coupled totheupper tubular supppit me 
rajity of : cam arms ; extendihg f rom the; tubular base in a 
doyynvvard longitudinal direction, each cam;arm defining 
an inclined surface', a plurality of upper expansion cone 
segments interleaved with the cam arms of: the upper 
cam assembly and pivotal ly coupled Id the tubular sup- 
port member, .and each upper expansion segment mov- 
able relative to the inclined surface of one of the plurality 
of cam arms to adjust the radial position" of an eternal 
surface of the segment to adjust the diameter of the ex- 
pansion cone assembly, a lower tubular support member 
defining a second passage fluidicly coupled to the first 
passage releasabtycoupledto the upper tubular support 
member, alower cam assembly coupled to the lower 
tubuiar support member Ihcfu^ a tubular base coupled 
to- the lower tubular .support member and . a plurality _of 
.c^m arms "extending from the tubular base b an upward 
longitudinal direction, each cam arm defining an inclined 
surface that mates with the -inclined surface, of a corre- 
sponding one of the upper expansion cone: segments, 
wherein the cams arms<df the upper cam-assembly are 
interleaved with and overlap the cam arms of the lower 
cam assembly; and a plurality of lower expansion cone 
segments interleaved with cam arms of the lower cam 
assembly /each lower expansion cone segment prvotally 
coupled to the lower tubular support member and mating 
with the inclined surface_of a corresponding one of the 
cam arms of the upper cam assembly and each lower 
expansion segment movable relative to the inclined sur- 
face of pneof the plurality of cam arms to adjust the radial 
position of an eternal surface of the segment to adjust 
the diameter of the expansion cone assembly, wherein 
the lower expansion cone segments interleave and over- 
lap the; upper expansion cone segments and wherein the 
upper and lower expansion cone segments each approx- 
imate ah arcuatespheric^ 
deforming and radiallyexpandingmee 
member;- 

[0084] In another embodiment, an apparatuslor radi- 
ally expanding and plastically deforming an expandable 
tubular member, is disclosed including a tubular support 
member, ^adjustable expansion cone assembly coupled 
to thje.' tubular support l member, an expandable; tubular 
member coupled to the adjustable expar^lon fcone as- 
sembly, means for displacing the adjustable expansion 
cone assembly relative to the expandable tubular mem- 
ber and means for adjusting the adjustable expansion 
cone assembly from one- effective- expansion -diameter 



to another effective expansion idiameter" 
[0085] In another embodiment the tubular support 
member includes an upper tubular support member com- 
prising; an internal flange and a lower tubular support 
5 member comprising an internal flange, wherein the ex- 
pansioacone includes an upper. cam assembly coupled 
to the upper tubularsupportrra 
base cpupi^ to the upper support member and a plurality 
of cam arms extending from the tubular base in a down 
10 ward; longitudinal direction, each cam arm-defining an. 
inclined surface, a plurality of upper expansion cone seg- 
ments interteayed with the earn" arms of the; upper cam 
assembly.and piyotally coupled to the internal flange; of: 
the upper tubular support member "a lower cam assem- 
15 -bly coupled to the lower tubular support- member includ- 
ing a tubular base coupled to the lower tubular support 
member and a plurality of cam arms extending from the 
tubular base r in. an upward longitudinal direction, each, 
cam arm defining an inclined surf ace that mates with the 
incrmedsurfaceo^ 

pansipn cone segments, wherein the cams arms ;pf the; 
upper cam; assembly ; are interleaved with and. overlap 
the cam arms of the lower cam assembly and; a plurality 
of lower expansion cone segments jnterteaved with cam 
arms of the lower cam assembly, each lower expansion: 
cone ^segment pivotalty: coupled: to the internal flange of 
the lower tubular support member and mating with the 
inclined surf ace of a corresponding one of the cam arms 
of the upper cam assembly; and wherein the apparatus 
further includes means for releasably coupling the upper 
tubular support member to the lower tubular support 
member and means for limiting movement of the upper 
tubular support member relative to the lower tubular sup- 
port member. 

[0086} In one aliemative embodiment; the: apparatus 
for radially expanding and plastically deforming an ex- 
pandable tubular, member furtherinciudes means for piv- : 
oting the upr^r expansion cone segments . and means 
for pivoting ; the lower expanstonxpne^segmeritS: 
[0087] I n onefaJternatrye embodiment the apparatus 
for radiaJlylexpandihg and plastically defofmingrah ex- 
pandable tubular member further includes means f or pull-, 
ihg the adjustable expansion cone assembly through the 
expandable tubular member^ j 
[0088] A adjustable expansion cone assembly is dis- 
closed, that includes an upper cam assembly including 
a tubular base and a plurality of cam arms extending from 
the tubular base in a;ok>wnwa_rd longitudinal direction; 
each cam arm defining an inclined surface a plurality of 
upper expansion cone /segments; interteayed -with the 
cam arms of the upper cam assembly, a lower cam asr 
sembly including a tubular base and a plurality of cam 
arms extending from the tubular; base in an upward lon- 
gitudinal direction, each cam ami defining -ah inclined 
surface that mates ; with the inclined surface of a corre- 
spohding : one of the upper expansion -cone segments, 
wherein the cam arms of the upper cam assembly-are 
interleaved with and overlap the cam arms of the lower 
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si eoiA8p : jepuBdxa ajqEisnfpB auo &m uiaiauM puB ieq 
-ujaiu JBinqnvajqBpuBdxaam jo uoipod ijeq am jo JaiaiuB 
rip am oj eiqBisnfpe st jbui. eoiAep jepuBdxa ajqBjsnfpB 
ub sasudujoo AjqujassB uoisuBdxe ai|f Buisbo ajoqna/w- 
jeiaujBipououj b jo je^euielp paiisap e oj jajauiBip ©pisuii 
|Bijju| ue iuojj, jaquiaiu jpjnqnj ajqepuedxa ub Buiuuoj 
-ap AijBoiiSBjd pub 6uipuBdxa Ajibipbj JO^smBJBddB ub p 
juauiipoqiua aA!iBUJ3*jB jaqjpuB 04 Buipjooov [6600] 
aoiAapauoo uoisuBdxa aiqBjsnfpe 
uB.sasudujoo aoi/vap japuBdxa ajqBisnfpB sift uiajauM 
puB 6uisbo ajoq|j9Mja]aiuBip ououj aqj p JO^aiiiBip paiis % 
rap am pi.6uipu(xlsajjoD JajaWBip 0qv^iajqBjsnfp8 os|B: 
si eoj /yep japuBdxa aiqBishfpB auo em u\^ji&\^ puiBj^Q : : 
:UjpujJB|hqri}^ 

ip dtg o; ajqBjsnfpB sj jbiji aoiAap japuBdxe aiqBjsnfpB 
ub sasudtuoo AjqujessB uoisuBdxa am 6uisso ajoqnaM 
JaiatuBip ouoiu b )o jajaiUBip pajisap b oj ja^uiBip apisui 
IBipui ub ujoi| jaqujauj JBjnqnj aiqBpusdxa ub-Buiujjoj 
-ep A||BOjiSBidp~UB BuipuBdxa AueipBj joj snjBJBddB ub jo 
juauLfjpoqtua aAUBUjeiJ,B_ jbuioub oj Buipjoopy [86Q0] 
6u!Sbo ajoqnaM jaiaujBip ououj am jo jajatuBip pejis 
-ep aifl pjBuipuodsejjoo jejeujBip em 01 eiqeisnfpeosjB 
si-aoiAap japuBdxa ajqBjsn fpB auo am ; oiejeuM. puB iaq 
-uieuj iBjnqnj aiqBpuBdxa equP upfljpd (feq eyi jq jeieuuB 
: ip aqvoj aiqB^snfpB si tBm eojAep jepuBdxaoiqBisnfpB 
uB:S_asudLupo;A|qujass^ uojsuBdxe ei# 'Buisbo eJoqueM 
j ajaui Bjp o uotu b jo J ajaujeip pajisap b o; i a ja ujbjp apisui 
IBipui ub U104 jaqujauj JBinqnj aiqBpuBdxa <ub 6uruxioj 
-ap A|]BOi|SB|d pub 6uipuBdxa AjjBipBJ joj snjajBdcte ub jo 
juetujpbquje eAijBUjejjB iaujouB o\ Buipjoooy [Z60q] 
aoiAap uoisuEdxa 6u iuuo jojpAu. 
B sasudujoo AiqujassB uoisuBdxa am 'Buisbo ajoq \\bm. 
jejeuJBip ououj b jo jajeuieip pausap e o\ jaiaiuEip apisut 
{Buiui ub uj6j| jaqujauj JBjnqm aiqBpuBdxa ub 6uiuuo| 
-ap AiiBOflSEjd puB 6u{puBdxe AiiBjpBJ joj snjBJBddB ub jo 
luaujipoqtua; OAneujatfB JamouB o^Buipjooov [9600] 
;aq!A3p uoisuBdxa |uBt|dujpa 
sasudtuoo : AiqujassB, uoisuBdxa 314* IBuisbo; ejoqjieM 
j a ja ipBip 0 u ouj b |p jajaujB ip pej issp eoi jeieiUBjp apisui 
Ibijiui ub uipi| jaquiauj JBipqni ajqBpuBdxa ub Bujujjoji 

rap A| |B0!iSB|d pUB. BuipUBdxa A|)B)pBj JO] s njBJBdd b. ub jo 
luaujjpoquja aAUBuieijB JauiouB 0} 6uipjobov [9600] 

abiAap uoisuBdxa AiB^Oi 
b saspdujoD AjqiuassB- uo;suBdxa 'Buisbd ajoqnaM ^ 
jajaiuBipouoLUBjojaiaujBippajtseoBojia^aujeipapisui 
IBaiui ub ujoj) jaqujauj JBtnqni aiqBpuBdxa ub 6uiuuo) 
-ep AiiBoiisBid pu? DuipuBdxa AjiBipBJ JOj snjBJBddB ubjo. 
luauiipoquja aAjjBUjaijB jamouB 01 6uipjooov [t?600l 

•aojAop aupp upis ol 
uBdxa ub sapnjoui XjqujassB uoisuBdxa am 6uisbo ajoq 
-jjaM jajaujBip ououi b p jajaujBip paiisap b 01 Jd)aujBip 
apisui jBHiui ub ujoj) jaqujaiu JB|nqn) ajqBpuBdxa ub Bui 
-uiJOjap AflBpnsBjd puB;0uipuBdxa AjjBipei joj snjBjBddBi 
UBpuiauJipoqujaaAiiBujaijBauoovBuipjooov [C600] s, 

iaqujauj JBjnqni aiqBpuBdxa auj "jo uoipbd 
ia^aujBjp ouotu am jo jajaumip pajisap aqvovpa^nfpB 
XiqujassBiuotsuBdxa a"m . MfiMvaou^sj) iampuB jojf iaq 
'luauj jBjnqnji aiqBpuBdxaauj gBnojitt A^juiassB uoisuBd- 



em 6uiaouj iQiipuB uoiuod ijeq em 10 jajeoiBip am 
o\ pajsnfpB AjqujassB uoisuBdxa am MliM aouBjsip pajts 
-ap b £ jaqujauj jBjnqru aiqBpuBdxa em MBnojq) AfquiassB 
uoisuBdxa am Buiaoju joj iojBnpEjjB pue jajeujeip jaqjo 
am oj jajauiBip auo am ujojj jsnfpB oriaqujauj iBjnqni 
aiqBpuadxe am Bui jBrnoB jo| suBaui 'BuisBoajoqnaM jaja 
UJBtp ouour 3L|^6uiujjo| jp| Buisbd jejaujBip ouoiu am jo 
jajauiBip pajisap eu.1 oj Buipuodsaijoo jajaujBjp uoisusd 
-xa jamouB oi eiqBjsnfpB pus jaqujauj JB|nqnj ejqBpuBd 
t xa aqi ui uoijjod ||aq papuBdxe ub 6uiuuo| joj 6uisbo 
-.ejbqiieM am jo uoiuod [iaq am ^o jaiatuBip pajisap am o\ 
6uipuodsajj66 jajauiBip uojsuBdxaiauo ovaiqBjsnfpB jaq 
riuaiu uoddhs iBinqnj jaddnaqt pj paidnoa AjqujassB uois 
-uBdxa ub Jaqtuauj JBinqoi aiqBpuBdxa aqvpuBjaquiauj 
uoddns iBjnqnj jaddn am uaa/vuaq aoBuajui ub 6ui|Bas 
joj.jaqujauj uoddns JBjnqnj jaddWr.am )o 80Bpns.:joya} 
-xa am ovpaidnoo sjBas dno ejouJMO auo 'aBBssBd jsjy 
B 6uiufiep iaqujauj uoddh uB 6uipnjoui 

*peso|OStp si BuiSBp ajoq jja/yv jajaujBip oupiu b 40 jajauiB 
-ip pajtsap : b o; ja^aujBip apisu; jB^iui ub uiojj jaquipuj 
. jBinqnjajqBpuBdxa ub 6Uiuiibj9p AjiBO^sBjd puB 6uipuBd 
-xa A|jB|pBj JOf snjBJBddB uBio juaujipbquja uy [2600] 
'udiubd ja^nb atji bV uoipbd aiBipa'iujajui a^ 
tuoi| uoipejjp iBUjpnijBuoj oqi ui ppiadBVSi |uauj6as auob 
: uoisuBdxa jaMbj ipsa pus ubiubd jaihp am p} uojuod 
ajBipauuaiui em uipj^ upqpejip |Buipnij6uof aqv ui pajadB; 
si juauJ6as auoo uoisuBdxa jaddn uobb 'Ajquiasss auoo 
uptsuBdxa atqBjsnfpB amp luauiipoqiua auo u\ liBoo] 
;saoBjjns j8MO| pub jaddn iBoupuijXo a^BnaiB Bui 
-uyepuoiyodjajinouB puB aoBuns jaMoj iboiuoo ajBnojB 
ub pub seoBuns jaddn jBOuaqds pub jBoupuijAo ejBnojB 
Buiuijap uoiuod a^Bipauxiajiii ub 'saoBjins jeMOi iBpup 
-utjAo aiBnpJB puB apBuns jaddn jBpupujjAVaiBnoJB ub 
Buiuijap uoiuod jauui ub apnpui iuauiBas auoo uoisuBd 
•xa jOMOj qoBa ujajaqM pub 'saoBjjns jomoi-pub jaddn 
|soupu;|APeiBhbJB 6w kainb ub pus aoBuns 

jbmoj jBDiuooraiBnojB UB puB saoBuns jaddn jBouaqds 
puB |Boupui|Ao. : ajBnoJB 6uiui|ap uoiuod a^Bipaujjatui 
ub sabBuns J3M0| jBoupuijAo a^BnaJB puB aosuns jaddn 
fBOupuijAo afBhbjB UB.Buiuyap sasudujop 
juauJBes auoo. uoisuBdxa jeddn^upBa ■ AiquiassB auoo 
uoisuBdxeaiqBisnfpB amp ^uaujipoquja auo uj [0600] 

- aOBUriS |BUJ3} 

-xa (Bouaqds ajsnoJB ub ajBujjxojddB jamaBoj s^uaujBas^ 
auoo .uoisuBpbca j3moi pub jaddn - am - "AiqujassB • auob 
upisuBdxaajqEjsnfpBam {O jueujippquja eub u| [&BQ0] 
sjuauiBas auoo uoisuBdxa.jaddh 
aqrP"^Buns.|BUjapc3 ub ib uoijJSOd-iBipBj aqusnfpB 01 
s^uaujoes auoo u.oisyBdxa jaddn ujoj] Abmb Jb'pjBMb; : 
AjquiassB ujbo jaMoj am BuiAouj'jdi subbuj puB 'sjuaui 
-6.es;auoo" uoisuBdxa jaMoj eqi :)b -abBpiis jBuiajxa ub- 
jo uoi^sod jBjpBj ecu isnfpB 6i sjpauj6as auob uoisuBd 
-xajaMoi am ujcuj Abmb mo pJBMoV AjquiassB ujbo jaddn : 
aqv 6u?aouj jo| subbuj 'AiqiuassB ujbo jaddn ayj /o sujjb 
ujBo r amjp ©up 6uipuod^jjop b p eoBjjns paunpui am 
miMBujiBuj luaujBss auoo uoisuBdxa ^jomoj uoBa ;A|quias 
-sb-uibo J3wpt am |0;sijjjB ujbo mm paABapdiui siuauj 
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jeuajBuj oipinij pajoafui eqi joajnssajd BuijBiadp pasuas 
aqj uaijM ajpqi|8M egj o\u\ pus jaqiuaui Jejnqnj ejqe 
-piiedxa puooas aqj pj_a_Af jejej AjqLua^B.eu^uoisiiBdxa: 
aiqejsnfpB am 6uioB|dsip -jaqiuauj yoddns JBjnqni aqj jp 55 
uoiypd jpuajui jsjjjb ujtpiM iBuajeuj Piping papa[uj ; aijv]6 
ajnssajd BuijBjado aqj 6uisuas jaqiuauj yoddns jB|nqnj 
aiiiPiu? |Bua;eujojpin|jiB 6ujiDa[u}:*jaquja^ tefnffnj Q \&* 
-puBdxa puooas au.j BuiddByaAO joajaqjuojyod jsjij ou.j 
MJim jaqiuauj jBpqru. ajqepuBdxa jsjy papuBdxa aqv ui og 
jaqujaiu jBjnqm ajqapuadxa puooas aq}6uiuoaisc>d jaq 
-ujauj jBjnqn; ajqepuedxa aqi jo jajaujBip apisui aqj ubuj 
jajiBLus jajaujBip jsjy b 6uiabm Ajqiuasss auoo uoisuedxa 
aiqBjsnfpB ub pub jaqtuaiu yoddns jBjnqnjB Buisnaioq 
r||aM aqi ui jaqujaiu JBjnqnj aiqBpusdxa puooas b Buiyod ^ 
-dns sapnpui jaqy nj u,dBj(3BJBd Buipaoajd aqi ui paqfjos 
-ap sb 'pjoqijaM b ui Buisbo jajatuBtp ououj b Suiujuoj 
jo poqjaiy.aqi jojuaujippquuaaAijBUjajiB ubui [zuo] 

•jaqiuauj 

JBjnqnj ; aiqBpuBdxa aqj |p> uoiypd (6uiuiBUJaj aqjUuioj 0P 
sp A||Bp!jsB|d pue piiBdxa A||BipBj Aqaiaqj oj jajaiuBip 
PJM aqj pi pajsnfpB si AjqiuassB auoo uoisuedxa aiqBjshf 
rPB euX uatjM jaqtuauj jsjhqnj aiqBpiredxa aq j qBnoj qi 
AjqiuassBr auoo uoisuBdxa ajqBjshfpB aqj BuiAOui puB 
jajauiBip uoisuBdxaaAipajjajsjijaqj ubu.j jajiBUJS JajaujB & 
-jppuooas B oi jshfpB oj Ajqiuasse auoo uoisjJBdxa ajqB 
risn[pBaqrpjajaujBipuoisuBdxaaAipayaaq|6uj4BAiiOB 
jaqujaujjejnqnv^ aqj jO uoiypd jsjij 8 ujjojap 

A||Bpi|SB|d puB puBdxa AjfBjpej oj iaqiuaui JBfnqn} ajqB 
puBdxe aqj ojui apUBjsip pauuujajapajd b JajaiuBip puo & 
-oas eqi BuiABq AiqiuassB auoo uoisuBdxa aiqBjsnlpB aqj 
Buiaouj jaqiuauj yoddns JBjnqnj aqj jo uoiyod jouajui 
puooas aqv uiqjiM laAaj pauiujjaiapajd b spaapxa |Buaj 
-buj oipmy papafui aqj jp ajnssajd BujjBJado pasuas aqj 
uaqMjaqiuaiujBinqni ajqBpuBdxa aqjjo jajatuBip~ap(s 
-ui aqj uBm ja6jB| jajaiuBip puooas b oj AiqiuassB-auoo 
uojsuBdxa ajqBjsnfpB aqj p jajaureip uoisuBdxa aAipaj 
-ja. aqj 6ujjsnfpB jaqujauj yoddns JBjnqnj aqj jo- upiupd 
jouajui puooas b uiqjiM jBuajBui piping paparui aqj jo 
ajrtssajd 6ui;Bjada eqi 6uisuas 'aaqujauj yoddns JBjnq 0 z 
-nvaqj |o uoiyodjouajui jsjij at|] uiqjiM jaAaj pauiuuaiap 
-ajd b spaaoxa iBuaiBiu oiping papafui aq) \o ajnssajd 
SuijBjado pasuas eqi uaqM- ajoqijeM aqj ojui puB jaq 
tuaujJBinqnj aiqBpuBdxa ayj o\ OAijBiaj AjquiassB auoo 
uoisuBdxa ajqBjsnjpB ;ai# : BuioBidsip-'jaqLuauj yoddns si 
JBjnqnj auj p uoiypd jouajui isjij b uimiim |BuajBuj pipinyi 
pajpajui;aqi40 ajnssajd 6uuBJodp aqi'6uisuas-jaquj_auj 
yoddns.jBjnqnvaqvpUi! :|Bua)Buj piping b Sunoafu; 'jaq 
; maiujB|nqn| aiqBpuBdxa aqi jp ja;aujB|p,apjSui aqi uBq; 
ja[|BUJS.ja}aujBipisjyB:6utABqAjqujassBauoo uofsuBdxa 0i 
aiqBisn[pB:UB;puB ; jaq b 6uisn aioq 

ilPM aifl u 1 j aqu/auj jbi nqh j aj qep u Bdxa isj i| b 6u ty oddn s 
sapnpui ajoqijaM b ui 6uisbo jajaureip ouoiii b Suiulioj 
p poqiauj au^ |0 : iuaujipoquja aAjjBUJa^B uy [911.0] 

•aoiA 9 

-ap uoisuBdxa'6uiujjO|OjpAq b .fiuisn 6uipuBdxa sapnp 
-ui sjaqujauj JBjnqnj aiqBpuBdxa aqj jo supiyod jaddn 
pus jaMpj au^ 6uipuBdxa *a joqijaM b u j 6u 1 sbo b 6uiujjoj: 
p pblpauj aifl )6 juaiuipoquja aARBUJajie ub uj [siiOl 



•apiAap uofsuBdxa iuBi|diiipp b. 6uisn 6uipuBdxe. saphp 
-ui sjaqiuaiu JBinqnj. aiqBpuBdxa .aqi p suoiyod jaddn 
puB jaMpj aqi BuipuBdxa *ajbqnaM b ut Buisbo b 6uiiujoj . 
|o poqjauj aqj|o juaiuipoquja aAqBuia^B ub u| [piio] 

aoiAap uoisuBdxa ajbjoj b 6utsn 6uipuBdxa sapnp 
-ui sjequiauj-JBinqni ajqBpuBdxe aqvip supiyod jaddn 
puB jaMO| aqvJ5uipuBdxa oJopfiaM B ui 6uisbo b 6uiuuoj 
p ppqjauj aqi p luatuipoquja aAi^BujajjB ub u| fel-to] 

eoiAop auoo uoisuBdxa ub 6uisn 6uipuBdxa sapnp 
T ui sjatqujauj JB|nqnv:aiqBpuB^a .avj,j jo suoiyod jaddn 
pus ja/vvo^ aqi 6uipuBdxa 'ajoquaM; b ui 6u jsbo b feuiujjoi 
10 poqiauj aqi jo luaujipoquja aAiiBujpjiB ub uj feliol 
jaqiuauj JBjnqnj ajqBpuBdxa papusdxa 
&m p uoiypd JaMpi pqi ui pjB/y^np AifBipej j papuBdxa si 
jaqujauj JB|nqnvaiqBpuBdxa puooas aigjouoiyod do^aq) 
\em os. jo jajaujBip: puooas aqvoj/jaqujauj jBinqn] aiqa 
-puBdxa puooas aqfjA jaq 
ujauj JBinqm aiqBpuBdxa papuBdxa aqj jo uoiyod jomoj 
papuBdxaaqj Aq paddByaAo si jaqtuauj jBfnqni a iqspuEd 
-xa puooas a^i 40 uoiyod doj B iBiji os jaqujauj JBjnqnj 
aiqBpuBdxa^puBdxaaMi owji jaqiuauj JBjnqru ajqBpuBd 
-xa puooas b 6uiyasu» sapnpui jaqy nj : qdBj6BJBd 6uipao 
^ojd ain uf paquosap sb ^ajoqijOM B u{ Buisbo b Suiuhoj 
jo poqiauj aqj luaujipoquja aAjiBUjai|B ub u| iiiiO] 
•jajauiBip apisui puooas aqj 
uBqi ja6jB| si jaiauiBip apisu; }Sjij; : aqv uiajaqM * jejaujE 
-ip apisui puooas b ox jaqujauj JBjnqnj aiqBpuBdxa aqj 
jo uojyod jaddn ub 6uiujjojap AjiBpiiSBid pus BuipuBdxa 
A|jBjpBj puB JajaujBip aptsui isjij b 01 jaqujauj JBjnqrq 
aiqBpuBdxa aqj jo uoiyod j3mo| b 6u»ujJ0jap AjjBOijSB|d 
puB BuipuBdxa.. A||BipBJ 4 ajoqna/v\ aqt ojui jaquiaui jbi 
-nqn) 8|qBpuBdxa" ub 6u jy asw :s^ 6u j 

sbo B jopoqjauj b juaoiipoqujaaAfjBuja^B ub U| folio] 
aoiAap uoisuBdxa 6uiujjpj;ojpAq aiqBjsnfpB ub 
6uisn jaqujeui; jBinqnj ajqBpuBdxa aqv BuipuBdxa sapnp 
-uj poqiatu ayi juaiuipoquja. aA!JBuje«B_ ub uj [60 to] 

;apiAap;UO!suBdxa juBjlduj^ 
Buisn jaqiuauj JBjnqnj aiqBpuBdxa aqvBuipuedxa sapnjo 
-ui Pfou^auj aqv luauifpoquia aA}jBUjai(B"uB u\ [flptp] 
:30jAap;U0isuBdxa. Ajbjoj b aiqBisnfpB.UB 
6uisn jaqujauiJBinqnj aiqBpuBdxa :aqjiBujpuEdxa_sapnp 
-ui poujaui aqi iuatuipoquja aAQBUJ8i|B ub Uj llQlOl 
aoiAap auoo uoisuBdxa 'ajqBjshfpB UB 
Buisn jaquiauj JBjriqhV ajqEpuBdxa aq \ 6upuBdxa sapnp 
-ui poqiauj aq; juaujipoquja BAjiBuiayB. ub u| [90tq] 
riaqujaiU ; JB|riqhj aiqepuedxa 
Jsjij aqi 10 uoiyod 6uiuiBujaj papusdxa aqi sb jajauJB 
-ip aujBs aqi 04 jaquiauj JBinqm aiqBpuBdxa puooas aqv 
jo. uoiyod puooas b ujjo^ap Aj|BO*iSB|d puB puedxa Ajjb 
-!PBi Aqajaqji "oj puB JajaujBip pjiqraqi o\ pajsrifps si A|q 
-LuassB uoisusdxa aiqBisnfpBaqvueqM jaqujauj jBjnqni 
aiqBpuBdxa jsjy aqj qjiM 6uiddByaA\> ; uo|yod aqviSBdpuB 
jaqujauj;jB|nqnv,aiqBpuBctojpu^ 
-sb uoisuBdxa aiqsjsnJpB aqj jBuiAoiju puB^aiauJBip puo- 
rpas am 0} isn[pB o\ AfquiassB uoisuBdxa afqBisnfpB alfi 
jo jaiaujBip uoisuBdxa a/upajja aq) 6ui)ba;pb 'jaqujaiu 
JBjnqnj aiqBpuBdxa: isjy aqj jo uoiyoii- jsjy: aqj Mdjaq 
jaqtuatu JBjnqh) aiqBpuBdxa puooas aiu jd: "uoiyod jsjij;b 
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also adjustable to the diameter corresponding to thede 
sired diameter of the mono diameter wellbore casing and 
wherein the adjustable expander: device includes an ad- 
justable rotary expansion device 
[0100] According to another alternative embodiment 
of an apparatus for radially expanding and plastically de^ 
forming an expandable tubular member from an initial 
inside diameter to a desired^ of a mono diameter 
wellbore.casing, the expansion assembly comprises'an 
adjustable expander device that is adjustable to the di- 
ameter of the bell portion of the expandable tubular mem- 
ber arid wherein the one adjustable expander device is 
also adjustable to the diameter corresponding to the de- 
sired diarheterof the mono diameter wellbore casing and 
wherein the adjustable expander device includes an apy 
justable compliant expansion .device; 
[01 01 ] According to another . alternative .embodiment 
of an apparatus for radially expanding and plastically de- 
forming an expandable tubular member from an initial 
inside diameter to a desired diameter of a mono diameter 
wellbore casihg,4he . expansion assembly comprises ah 
adjustabje.expander device that is adjustable 1 to the dir 
ameterof the bell portion of the expandable tubular mem- 
ber and wherein the one adjustable expander device is 
,als~o;adjustabietbthediamete 

sired diameter of the mono diameter wellbore casing and 
wherein the adjustable expander device includes an ad- 
justable hydroforming expansion device 
[01 02] According to another alternative embodiment 
of an apparatus for radially expanding and plastically de 
forming an expandable tubular member from an initial 
inside diameter to a desired diameter of a_ mono diameter 
wellbore casing, wherein the expansion assembly in- 
cludes a first adjustable expander device adjustable to 
the diameter of Jhe bell portion of the expandable tubular 
member and second adjustable expander device, adjust- 
able to the diameter corresponding to the desired diarm 
eter of the.mono diameter wellbore casing; 
[01 03] According to 1 another alternative embodiment 
of : an apparatus for radially expanding and plastically de- 
fdrmirig an expandable;tubulaf:member from an initial 
inside diameter to a desired diameter of a mono diameter 
well bore casing, wherein trie expansion assembly in- 
cludes a first.adjustable expander-device adjustable to 
the diameter of the bell portion of the expandable tubular 
member and collapsible after expanding the bell portion 
anda secp"ricl:expander .device- having a. fixed diameter 
corresponding to the desired diameter of the' rnphd di? 
: ameter well bore casing such'that. collapsing me: first ad- 
justable expander device effectively adjusts the effective: 
expansion diameter to the fixed;diameter of the second 
-expander device. 

[01 04] A method of. forming a mono diameter casing, 
in a wellbore is disclosed, including supporting a first ex- 
pandable tubular member in the wellbore-using a tubular 
support member and an adjustable expansion assembly 
haying a first diameter smaller than the inside, diameter, 
of the expandable tubular member injecting a fluidic ma- 



tenal into the tubular support member, sensing the op- 
erating pressure of the injected fluidic matenal within a 
first interior portion of the tubular support member dis- 
placing the adjustable expansion assembly relative to 

5 the expandable tubular member and into the wellbore 
when the sensed operating pressure of the injected fluidic 
material exceeds a predetermined level within the first 
intenor portion of the tubular support member, sensing 
the- operating .pressure of the: injected, fluidic material 

io: within, a second interior portion of the tubular support 
member, adjusting the effective expansion diameter of 
the adjustable expansion assembly to a second diameter 
larger than the insidediameter of the expandable tubular 
memberwhen the sensed operating pressure of the fn- 

:/5 jected fluidic material exceeds a. predetermined- level 
within the second interior portion of the tubular support 
member ; moving the adjustable expansion assembly 
having the second diameter a: predetermined distance 
into the expandable tubular -member to radially expand 
and plastically deform a first portion of the expandable 
tubular member, activating the effective expansion diam- 
eter of the adjustable expansion assembly "to adjust to a 
second diameter smaller than the first effective expan- 
sion diameter" and moving the adjustable expansion as- 

25 sembly through the expandable - tubular member when 
the adjustable expansion assembly is adjusted to the 
third diameter, to thereby radially expand and plastically 
deform the remajning portioih of the expandable tubular 
member: 

30 [0105] In ah alternative embodiment, the method of 
forming a mono diameter wellbore casing as in the par- 
agraph above that further includes supporting a second 
expandable tubular member in the wellbore using a tu- 
bular support member and an adjustable expansion as- 

35 sembly having a first diametersmalter than the inside 
diameter of the expandable tubular member,; positioning 
the second expandable tubular member m the expanded 
first expandable tubular member with the first portion 
thereof overlapping the second expandable tubular 

> to member, injecting a fluidic material into the tubular sup- 
port member, :sensing ; the operating pressure^of the in- 
jected fluidic material within a f ifst Meribrportiori of: the^ 
tubular support member, displacing the adjustable ex- 
pansion assembly relative to the second expandable tu- 

*s bular member arid into the welt bore when the sensed 
operating pressure of the injected fluidic material ex- 
ceeds a predetermined level within the first interior por- 
tion of the tubular support member, sensing the operating 1 
pressure of the injected fluidic rhateriai within a second; 

5P interior portion of the tubular support member, adjusting 
the effective expansion diameter of the adjustable ex 
pahsion assembly to the second diameter when the 
sensed operating pressure of the injected fluidic material 
exc^^ds a pnsctetermined feyel-withtn the secpnd iriteribr- 

55' portion of the. tubular support member* moving the ad- 
justable expansion assembly having the second diame- 
ter a predetermined distance into tne second expandable 
tubular member to radially expand and plastjcafly deform 
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exceeds a pred^^ 

tioh of the tubular support member, sensing the ope rating 
pressure of the injected fluidic \ materia! within a second 
interior portion of :the tubular support member, adjusting 
the effective expansion diameter- of the adjustable ex- 
pansion cone assembly to the second diameter when the 
sensed operating pressure of the injected fluidic material 
exceeds a predetermined level within the second interior 
portion of the tubular support; member, moving the ad- 
justable expansion cone assembly having the second 
diameter, a predetermined distance into the second ex- 
pandable tubular member to radially expand and plasti- 
cally deform a: first portion of the second expandable tu- 
bular member below the first portion of the first expand- 
able tubula r member; activating the eff ective expansion 
diameter of the adjustable expansion cone assembly to 
adjust to the second diameter and moving the adjustable 
expansion cone assembly through the second expand- 
able tubular member and past: the portion ^overlapping 
wrth the first expandable tubular member- when the ad- 
justable expansion cone assembly is adjusted to the third 
diameter, and to thereby radially expand and plastically 
deform a second portion of the second expandable tu- 
bular member :to the same: diameter as the expanded 
remaining portion of the first expandable tubular member. 



Claims 

1 . An apparatus for radially expanding and plastically 
deforming an expandable tubular member i (14), 
comprising: 

a support; member (30);r 

an adjustable expansion cone assembly (16) 

coupled to the support mem ; 

an expandable tubular member (14) coupled to 

the adjustable expansion cone; assembly (1 6), 

characterised by: 

means for displacing the adjustable expan- 
sion cone; assembly (1 6) relative to. the ex- 
pandable tubular member (i 4) and the suj> 
port member (30); and 
means for adjusting the adjustable expan- 
sion cone assembly (1 6) from one "effective 
expansion diameter to another effective ex^ 
panston diameter 

2. The apparatus Of claim 1 , wherein the support mem- 
ber (30) cornpnses an upper support member (94) 
comprising an mternalflange (94d) and a lower sup- 
port member (1,00)^ comprising an internal flange 
(lijpd);-an^ expansion ;cone.(16) com- 
prises: 
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a tubular base (40a) coupled : to the upper 
support member. (94); and 
a plurality of cam arms (40c) extending from 
the tubular base (90a) in a downward- lon- 
gitudinal direction^ each cam arm defining 
an inclined surface; 

a plurality of upper expansion cone segments 
(96) Interleaved; with the cam arms (90c) of the 
upper cam assembly^90) : and piyptaUy coupled; 
to the internal flange (94d) of the upper support: 
member; (94); 

a lower cam assembly coupled to the lower sup- 
port member (1 00) cpmprising: 

a tubular base (92a) coupled to the lower 
support member (top); arid: 
a plurality of cam arms (92c) extending from 
the tubular base (92a) in an upward longi : 
tudihai direction, each cam arm defining an 
inclined surface that mates with the inclined 
surface of a corresponding one of the upper 
expansion cone segments;(96); 

wherein the cams arms (90c) of the upper cam 
assembly (^);are:interteaved with and overlap 
the cam arms (92c) of the lower cam assembly 
(92); arid 

a plurality of lower expansion cone segments 
(98) interleaved with cam arms (92c) of the lower 
cam assembly (92), each lower expansion cone 
segment (98) pivotally coupled to the internal 
flange (1 OOd) of the lower support member ( 100) 
and mating with the Inclined surface of a corre- 
sponding one of the cam amis (90c) of the upper 
cam assembly (90); arid wherein the apparatus 
further comprises: I 

means for releasably coupling the upper 
support member (94) to the lower support 
member (1 00); arid 

means for limiting: movement of the upper 
support member (94) relative to the lower 
support member (1 00). 

3. The apparatus of claim 1, further comprising: 

means for pivoting the upper expansion cone 
segments (96); and; \ 

means for pivoting the lower expansion cone 
segments ^98). ^ 

4. The. apparatus of claim 1 , further comprising: 



an upper camassembly (9d);cbupled to the up^ 
per support,member (^)^ 



means fbr/pullirigthe adjustable expansibncone 
assembly (1 6) through the expandable tubular 
merribef (14). 
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^M. *ua>|oa4Sje yaqq ypeu 6umgpus6uBn 
jauia ui (B26) .siseg uaBiiuioijqoj; jap 
uoA Mpisaipr'fogeiouiJBua^ooN iqBzuyiauia 
pun hsi ^addo>|a& (go O:0§13|?? j ± ueieiuh 
map vw aip '(egg) sisBg a6iujjQuqbJ jsuia 

ipuassBjuin *isi uapuncua/v (opt) PiefieJi uajafc 
run ijuap jiuj aip'addnj6nBqua>|OON ajajun auia 
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aqi 6uipuB"dxa aqi uiajaqM - g UilBjo jo poqiauj aq £ m oi 

'aoiAap uojsuBdxa iuBi|dujoo b 6uisn 
6uipuBdxa sasuduibb (qsi Bg 0 sjaqujauj JBjnqni 
ajqBpuBdxa 84^0 (93 *^2) subiuod jaddn pub ja/woj 
aqj 6uipuBdxa aq; QiajauM 'g ujib|o jq poqiaui aqi 6 

eojAap uoisuBdxa Ajbjoj b Suisn 
pufpuBdxa sasudujop (qei *B9 1) sjaqtuauj JBinqn; 
•aiqBpuBdxajaqyo (82^22) .suojjjpd jaddh pus iaMOj 
aqi6u!puBdxa aqj uiajaq/yy ujib|o 40 poqiatu; aqi r0 

(9 |f) feojAop auoo uoisuBdxa uB:6uisn 
6uipuBdxa sasiJduioo (q8 t ?fig.p) -SJaquiauj JBjnqni: 
ajqBpuBdxa aqj jo (82 22) suoiuod-jaddn puB J3MO| 
aqi 6uipuBdxa aq j uiajaq/w '5 ui jB|p |0 poqjauj aqi 

K?8 1) Jacpjjauj JBjnqni 
aiqapuBdxa papuBdxa aqjp (E22) - uoiuod J3M0| 
pepuBdxa aqi ui piBMjno A|jBtpBJ paptrndxa si 
(qsi) Jaqujauj JB|nqm aiqspuBdxa puooas aqi 
40 (q82) UQjviod dpi; aqi )Bqi os . fiai) JaiaujBip 
puooas aqi Oi;(q8 t) jaqujauj iB|nqni aiqBpuBdxa 
puopas aqi |o (q82) uoiuod doi atii BuipuBdxa 

; PUB !(B8l) 

jaqujauj JBjnqni aiqBpuBdxa papuBdxa aq; p 
(B22) uoiydd JaAAof papuBdxa aqi Aq paddBpaAo; 
si (q8i ) " jaqujauj ; jBjnqhi : aiqBpuBdxa puooas. 
eqjf 40 ($qz) uoiuod doi .B iBUj os (B8t),jaquiaui 
JBjnqni "aiqBpuBdxa papuBdxa aqi oiyi (qst ) 
jaqujauj JBjnqni ajqBpuBdxa puooas b 6ui}jasui 

Bufsudujoo jaqunj g ujibjo ^o poqiauj aqi .9 

■jaiaujBip" 

apisui puooas aqi UBqi ja6jB| st jaiauiBip apts. 
WJSJijaq*^ 

( l Q\) J 8 ) 8 ^ B jP e P! s M!:P U0 ^ s © o> (V t ) Jaqujauj 
JBjnqni ajqBpuBdxa aqj p <B82) uoiuod jaddn 
ue 6u!UJJ0|ap:AjjBpjiSBjd: dub 6utpuBdxa. AjjBjpBj 
: puB tapjAap uoisuBdxa aqj 
6uisn (^Qj);iO}aureipjapjsujiSJj|BOi^ 
JBjnqni alqBpuBdxa aqvjo (B22) ubjiJpd jaMpf 
b ButujJOiap AjjBOiiSBjd pua 6uipuBdxa AjjBipBJ 

-::(20 : ajoqKaM 

aqi uiqtiM (p 1) jaqujauj JBjnqnj aiqspuBdxa aqi 
p pua uB-40 mo aoiAap uoisuBdxa aqi Buubmoj 

"^zti 

ajpqj jaM aqi.piuj.ffr 1 paqujauj JBjnqhi ajqBpuBd 
-xa aqi puBi apiAap. uoisuBdxa aqi 6ufuoi|tso<i 

:Aq pasuaiOBJBqo 

4 (t^ i ) Jaqujauj rj Bjnqni aiqBpuBd 
-xa uB uiqiiM-aoiAap uoisuBdxa ub 6u|u"ojiJsod 



:6ujsud 

-ujoo 1) ajoqjjaM bui 6u|sbob 6uiujjp} jq poqiauj v 



9 



La t^28 6W I d3 



62 



Best Available Copy 



31 



EP1 549 824 B1 



3?: ; 



bei jeder. Nockenarm eine geneigte Ober- 
flache bestimmt, : die ;mit; der; geneigten. 
Oberflache; eines . zugeordneten oberen 
Ausdeh nkon ussegments (96) zu^mmem 
passt, 

wobei die Nockenarme (90c) der 6befeh:,Nokr 
kenbaugruppe (9p).m 

der untereh Nockenbaugruppe (92) versctiach-: 
telt siridund sie GbertapperVuhd 
eine Anzahl unterer Ausdehnkon ussegmente; 
(98), die mil den Nockenarmen (92c) der unte- 
ren Nockenbaugruppe (92) verschachteltsind, 
wobei jedes untere Ausdehnkonussegment (98) 
schwenkjbar mit.dem inneren Ransch (iOOd) 
des unteren Trageteils (100) verbunden ist und 
mit der geneigten Oberflache ernes zugeordne- 
ten Nockenarms (90c) der oberen Nockenbau- 
gruppe (00) zusammenp^ 
rlchtung ferner umfasst: 

:Mittel zurri losbareh Verbinderfdes oberen 
Trageteils (94) und des unteren Trageteils 
(TOO); uhd 

Mittel zum Begrenzen der Bewegung des 
oberen Trageteils (94) gegen das untere 
Trageteil (100). 

Vornchtung nach Anspruch 1,. zudem umfassend: 

Mittel: zum Schwenken der oberen Ausdehnkb- 
nussegmente (96); und . 
Mittel zum Schwenken.der unteren Ausdehnko- 
nussegmente (98). 

Vornchtung nach Anspruch 1, zudem umfassend: 

Mittel zum Ziehen der einstellbaren Ausdehnko- 
nus-Baugruppe (16) durch das ausdehnbare 
rohrforrhige teil (14). 

Verfahren zum Ausbilden ernes Futterrohrs in einem 
Bohrtochi ( 12); umfassend: 

das Anordnen einer. Ausdehn vornchtung mner- 
hafe ejnes ausctehnbaren ronrformiSenjTeiis. 
&! 4). gekennzetchne* durch: 

das And rdnen der AusdeKhyorncHtunglind 
des ausdehnbaren VroWdrmf^:T:cdis~:(l4)' 
in derrt Bdhrlbch (.12); 

das Absenkeh ctef Ausdehnvdrricfitung aus" 
eihern Ehde des aiisdehnbareri rdhrfdrmi* 
gen Teils (1 4) hihaus in das Bbhrtoch (1 2); 
das radiale Ausdehheh und plastische Ver- 
formen eines untereh Abschnitts (22a) des 
ausdehnbaren rohrfdrmigen; Teils (14) auf 
eirienersteh Ihnepdurchmesser (|b 2 ) mit 
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Hilfe der Au^ehhvdmcHtuhg; und 
.das i radiale Ausdehheh uhd plastische Ver- 
.formen eines oberen Abschnitts (28a) des 
ausdehnbaren "rohrformigen Teils (14) auf 
emen zweiten Innendurchmesser (lD r ) mit 
Hilfe der Ausdehn vornchtung^ wobei der er- 
ste innendurchmesser groBer ist als der 
zweite Innendurchmesser. 

Verfahren nach Anspruch 5; zudem umfassend 

das Einsetzen; eines; ^zweiten, ausdehnbaren 
rohrformigen Teils (1 8b) ;in das : auf geweitete. 
ausdehnbare rohrformiige Teil (18a), sodass eih 
obe rer Abschhitt (28b) des zweiten ausdehnba- 
ren rohrformigen Teils (18b) vdm ausgeweiteteh 
unteren Abschnitt (22a j des aufgeweiteten aus- 
dehnbaren rohrformigen Teils (18a) pberlappt 
wird; und 

das Ausdehnen des oberen Abschnitts (28b) 
des zweiten ausdehnbaren rohrformigen Teils 
(18b) auf den zweiten- Durchmesser (ip r )i so 
dassder obere Abschnitt (28b) des zweiten aus-' 
dehnbaren rohrformigen Teils (18b) radial nach 
auSen m den ausgeweiteten unteren Abschnitt 
(22a) desaufgeweiteten ausdehnbaren rohrforr 
migen Teils (18a) ausgedehnt wird. 

Verfahren nach Anspruch 5, wobei das^Ausdehnen 
der untereh uhd oberen Abschhitte (22, 28) der aus- 
dehnbaren- rdhrf6rrriigeh Teile (18a, 18b) das . Aus- 
dehnen mit Hilfe einer Ausdehnkonusvorrichturig 
(16) urnfasst: 

Verfahren nach Anspruch 5 worm das Ausdehnen: 
der unteren und oberen Abschnitte (22. 28) der aus- 
dehnbaren rohrformigen Tei[e (18a v 18b) das Aus 
dehnen .mit Hilfe einer_dretibaren Ausdehnvorrich 
tuhg urnfasst. \ 

Verfahren nach; Anspruch-5, wprin das Ausdehheh ; 
^er unteren und oberen i Ab^hriitte (22 t 28) der auST. 
dehnbaren rohrformigen Teile (18a 1 8b) das Aus 
-dehnen mh Hilfev einer nachgiebjgen- Ausdehnvor- 
richtung urnfasst. \ " 



10. Verfahren nach Anspruch S, wonn das Ausdehnen 
der unteren und oberen Abschnrtte (22 t 28) der aus- 
dehnbaren rohrformigen Telle (18a ; 18b) das Aus- 
50 dehheri mrt Hirfe einer, Hydrpformir^ Ausdehnyor- 
^rkihtung (24) urnfasst; t 
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Revendications 

1. Dispositif r^ur:developp«r,r^ialement et deforrher 
pla^iquementuh.elementtuiuiaire extensible (14), 
comprenant: ~- 
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■jnauajui ajjauiEip awaixnap aj enb puBj6 snjd 
. jubjb jneuaiu! Qj^ujBip jeauajdai 'uoisuedxap 

^lsodsip ariuesiiftn ua ( l Q|) jneuejui ejieiuBip 
■ W9R"WP un B.nbsnf (pi) aiqisuapca ejieipqoj 

luauiajaj ap:(B8g) ajnauadhs:ei;jBd aun juaiu 

r?nbij^|d : jBjuuuoie 

>a ! uoisuBdxep 
Wjsodsjp aj juBsiiun ua(?Q|) jneuaiuj ajjeiu 
HBjP jaiujaid un B 4 nbsnf (t:i)_a|cpsuapce ajreinq 
nijuaiuaiajap (B^g) ajnauaiui aqjBdmin juaiu 
^nbqsBjd jauiiojap ja juaiuajBipBJ jaddojaAep 
c .(n) ajqisuapca ajiBinqnj luaujajaj ap aytu 
-ejpca aun jBd jpjos }ubsib| ej ua (2t) a&BJOj ap 
sjind aj subp uoisuBdxap jwsodsip ai jassiaqE 

aBBjpiapsjjndai subp (>0 aiqisuejxa ejiBinqni 
tuaujaiaj \e uoisuBdxap juisodsip;ei jauuoi}|sod 

: BiuBjsisupo^oijBjado.sai JBd osu^objbo 

•(fci ): aiqisuapca ajiBjnqnviuauiej? un.p 
;jnauajuijBuoisuBdxa 4 p^jsc)d#unjau 

juBistsuoo suogBjado sej juBuajdiupo (z \) «6aiO| 
ap sjind uh subp aSeqni un,p uojiBiujoi, ap epaopJcj 

(t?0 aiqisuajxa 

^l^nqn; luaujaiaj sjaABJi b (91) e|qB|6aj uoisuBd 
rXB p aupo ap ajqujasua.i jaju jnod uaAoui un ajyio 
ua juBuajduuoo ~i uoijBoipuaAaj B|~uo|as iaispdsiQ 

(86)^nau?jUi uoisuBdxajj eugo-- 
ap siuaujDas sa| ja;oAid bjibj jnod uaAoui un 
& * i?jB) sjnauadns uoisuBdxa;p auoo 
apsiuaujoas sej japAid bjibj jnod uaXouj un 

: ajjnp 

ua juBuaidiuoo \i uoijBoipuaAaj bj uo|as j^ispdsiQ 

(Odl)inauaiui uoddns ap juetuaiaj b pod- 
-dBj jBd Jnauadns uoddns ap juetuaiaj. 
ap jUaiuaAnoiu &\ jajjujij jnod ueXooi: un 
V* '' (OOi). Jnauaiui iJoddns ap juauj: 
'($6} Jnauetfns ypo^s ap juaujaiaj.; 
aiqBjaqnajaiUBuj lap ja|dnopjnpduaXpujun; 

rajjno/ua- jpuajduioo 
HlBodsip ananbaj susp ja : (ojb) : j nauadhs auijBo 
ap eiqujasuej ap UJBpuodsejJoo (po^) aujBoep 
sbjo, un p a^unouj aoBuns B|-oaAB iUBjdripooB,s 
19 (00 i ) inajif |Uj poddns"ap"iueuja|e;i ap (poo l) 
aujajut apuq bi BiuauiajbAid b ejdnoo juBja (96) 
jnauajui uo»suBdxa,p auoo ap juauiBas enbBqp 
'(26) Jnauaiui aurep ap ajquiesuejep (ozq) am 
-bo ap sBjq sap oaAB seoBiajiua (eej sjnauajui 
uoisuBdxap auopap sjuauj&as ap ajHBJnid aun 



ja.^SoOjnei^ 
-Maj ap, (o26)"8ujbo ap sBjqsai juaqonBAaqo la 
oaAB sapBjaiiua |uos (06) jnajjadns aujBoep ajq 
59 -uiesuaj ap (006) eujBO ap sEjq sa| janbaj subp 

! (96):^na!JQ<^S; 
uotsuBdxap auoo ap sjuaujSas saj tuiJBd 
iUBpuodsajjqo juauiBas unp ddujpui apB| 

os: -Jps Bj paAB ejdnpppB.s ;nbaa uipui aoBjjns ; 
aun lUBSSfUjiap auiBO ap^sBiq eht^6r*)nBq 
aj sjaA aajueup e|Bujprni6uoi uoipajjp aun 
subp (Bg6) ajiBinqnt asBq B| sindep juBp 
-uaja.s (pea) auJBp ap SBjq ap aji|BJn|d aun 

9P \a (OOi) JnauaiUi uoddns ap juaui 

B-aaidnoo {eze). ajiB|nqnj assq aun 

: jUBuaJdujoo (001) jnauaju; jjocfdns ap luaiu 
? a|dnoo jnauaiui aujBO ap ajqiuasua un 
pp: * (^6) Jnau^dns uoddns ap ^uatuaia.} ap 

(pt?6) awejui apuq B| b jueujaiOAid b safdnoo ^a 
(06) Jn9Madns aujeo ap ajqujasuaj ap (poeVauj 
-Bpep SBjqsat oaAB .sapBjajjua (g|) sjrtaijadns 
upjsuBdxa r p aupo ap siuatuSes ap;aiHBJnjd aun 
sc j 

! aauipui aoBpns 
aun juBssiuijap eujBO ap ssjq anbsup 'seq 
'5 aj sjaA aajuaiJO. a|BU!pn^6uo| uou^jjp aun 
subp (B06) aJiBjnqru assq ej siridap jubp 
be -uaja.s (oofr) auiBo aplsajq ap piijBjn jd aun 
X&: i(V6) Jnaufdns poddns ap juaui 
&m ? aajdnoo (bq^) -aJiBiriqnj asBq aun 

iiVJBuajdiuoo 

sz (P6) Jnauadns uoddns apt juauuefej 
b aidnoo (oe) jnauadns auiBo pp.aiqujasua^un 

:; puajdujpp (9v) uotsuedxa^auod 
; Q| ; japbai : sued ja ^(ppp t ); aw 
6z -iuop (00 1. ), j napajiii uoddns ap. tuaiuaja uh ja (pt^6) 
.X aujajui eppq aun juBuaJdujoo \pe) jhajjadns pb~d: 
^dns;ap; luaujajajun puajdiuoo (0€) :Pbddns ap luauJ: 
fiaj janbai subp l i uojjBOfpuaAaj bj uo|as j^isodsia 

si l!)pa«a udfsuBdxa j> 

ajjaujBip ajyiB un b jjpa^a . uoisuBdxa.p 
aJjaUiBip uh,p (gV) ajqejeai uo|suBdxa t p 
aupo ap ajqujasuaj ja|6aj jnod uaXouj un 
?a i (oc) upddns Bp juaui 

pi {Vl) ^Q! 5 ^ 9 9 . j n5|nqn; liiaujaiaj 

? uoddej JBd (9i).aiqB|6aj uoisuBdxap.au 
-op ap; ajqujasuaj jaoB|dap jnod uaAotu un 

: ■ j ed as j japBjBo 
■5. '(91) aiqB|6aj uoisuBdxap auoo ap T afqujasuad 
B;a{dnoo,;(fr t ) aiqisuajxa ajiBinqni^uaujaja "un 
: (OZ) vo^clns ap luauiafe j ?^jdnoo 
(9 t) aiqB|6aj uoisiiBdxa.p aupo ap ejqtuasua un 
'■' lot) iioddns ap v iuauja{a un 
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6:. Procede selbri la revindication 5; comprehatit. en- 
outre 

I insertion d-un deuxieme element tubulaire ex- 
tensible (18b)" dans relenrierit tubularre exterisr 5 
ble.etendu (18a) de teilemahiere qli'une-partie 
superieure (28b) du deuxieme element tubulaire 
extensible (18b) est recouverte parrla.partie in- 
feneure etendue(^ deTelementtubulaire ex- 
tensible ;etendu (1 8a),; et *P 
je developpement de la partie superieure (28b) 
duideuxiemeelemeht tubulaire extensible (1 8b) 
jusqu'au deuxieme dia metre (IQ 1 )^de telle ma- 
niere que la partie > superieurel(28b jdudeuxieme 
elementtubulaire:extehsible; (1 8b) esietendue 
radialement vers rexterieur dans la partie infe- 
rieure etendue (22a) de felemeht tubulaire ex- 
tensible etendu (18a)i 



Procede selon la revendication 5 dans lequel le de-^ 20 
vetoppement des parties; infeneure et supeneure 
(22, 28) des elements tubulaires extensibles (18a 
18b) compreod le: faiti deia^velopper en employant 
un dispositif de cone expansion ( 1 6). 

25 

Procede selon la revendication 5 ? dans lequelte de~ 
velbppemeril des parties:: inferieure^ ef supeneure 
(22, 28) des -elements, tubulaires exterisibies (1 8a, 
18b) comprend le fait de developper en employant 
un dispositif d'expahsion rotatif. 3d 



9. r Procede selon la revendication 5, dans lequel le de- 
veioppemeht des parties infeneure et superieure 
(22 D 28) des elements tubulaires extensibles (18a, 
18b) comprend te fait de developper en employant 35 
: un dispositif d'expansion spupie: 

10 Procede selon la revendication % dans lequel le de- 
veloppement des parties" infeneure et supeneure 
(22, 28} des;:elemerits tubulaires extensible^! 8a, *o 
1 8b) corhpreridle fait de . developper: en emplpyant 
uri dispositif d'ex^risionrpar hydrofbrmage (24). 
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Fig. 9. 
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